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RASA TT F-9719 . 

[From: Kosmicheskie  Luchi  [Cosmic Rays] No. 5 ,  1963, pages  154 - 1703 

ROLE APJD SOURCE O F  CORPUSCLES OBSERVED 
I N  THE I O N O S P H E R E  AND AURORAS 

G .  S . Ivanov-Kholodnyi 

V a r i o u s  t y p e s  of c o r p u s c l e s  have b e e n  obse rved  i n  t h e  u p p e r  a tmosphere .  

Much has been T h e i r  v a r i o u s  a s p e c t s  have been  i n v e s t i g a t e d  by  many methods.  

w r i t t e n  on t h i s  s u b j e c t  r e c e n t l y .  T h i s  s u r v e y  d i s c u s s e s  o n l y  c o r p u s c u l a r  

f l u x e s  which ,  f i r s t ,  c o n s i s t  of e l e c t r o n s  and  second ,  p e n e t r a t e  t h e  atmos- 

p h e r e  t o  a c o n s i d e r a b l e  dep th .  These  c o r p u s c u l a r  f l u x e s  a p p e a r  t o  play an 

i m p o r t a n t  p a r t  i n  t h e  fo rma t ion  o f  i o n o s p h e r i c  phenomena and  a u r o r a s .  Some 

fundamenta l  problems as t o  t h e i r  s o u r c e  and  o r i g i n  a r i s e  i n  t h e  s t u d y  of 

s u c h  c o r p u s c u l a r  f l u x e s ,  I t  i s  a l s o  i m p o r t a n t  t o  e l u c i d a t e  t h e  c o n d i t i o n s  

o f  t h e i r  p a s s a g e  t h r o u g h  t h e  a tmosphere ,  which a r e  a s s o c i a t e d  w i t h  t h e  i o n i -  

z a t i o n  and  glow of t h e  l a t t e r ,  Many o f  t h e s e  q u e s t i o n s  h a v e  n o t  y e t  been  

answered ,  and  a t t e n t i o n  s h o u l d  t h e r e f o r e  b e  f o c u s e d  on them. 

The e x p l a n a t i o n  o f  a u r o r a l  glow w a s  t h e  f i r s t  problem i n  t h e  p h y s i c s  of 

t h e  uppe r  a tmosphere.  However, i t  s t i l l  remains  unso lved ,  a l t h o u g h  many 

q u e s t i o n s  c o n c e r n i n g  t h e  uppe r  a tmosphere which a r o s e  much l a t e r  and  even 

q u i t e  r e c e n t l y  h a v e  a l r e a d y  been answered. The a u r o r a s  have a m a x i m u m  re-  

c u r r e n c e  and  i n t e n s i t y  i n  the 20 t o  25' zone a round  t h e  geomagnet ic  p o l e s ,  

and e x h i b i t  a great v a r i e t y  o f  form; t h e i r  f a i n t  glow i s  o c c a s i o n a l l y  observ-  

ed a t  a l m o s t  a l l  l a t i t u d e s  [l, 23. It was obse rved  a l o n g  time ago t h a t  

f o r c e f u l  a u r o r a s  a p p e a r  approx ima te ly  one day a f t e r  t h e  o c c u r r e n c e  o f  solar 

f l a r e s ,  and  t h a t  t h e  a c t i v i t y  o f  t h e  a u r o r a s  i s  r e l a t e d  t o  s o l a r  a c t i v i t y .  
, 

Thus ,  t h e  a u r o r a s  are p a n i f e s t a t i o n s  o f  s o l a r  a c t i v i t y .  On t h e  o t h e r  haqd,  

a u r o r a s  o c c u r  s i m u l t a n e o u s l y  w i t h  geomagnet ic  s t o r m s  a n d  o c c a s i o n a l l y  c o v e r  
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v a s t  areas o f  t h e  E a r t h ;  t h e y  caii t h e r e f o r e  be r e g a r d e d  as a g l o b a l  geophysi-  

cal phenomenon. These  c n a r a c t e r i s t i c s  of auroras have c a l l e d  f o r  t h e  f o r -  

m u l a t i o n  of  a t h e o r y  which would e x p l a i n  t h e  a u r o r a l  glow by means of f l u x e s  

o f  c h a r g e d  p a r t i c l e s  t r a v e l l i n g  from t h e  Sun t o  t h e  E a r t h .  The f i r s t  s u c h  

t h e o r y  was p u t  forward  by B i r k e l a n d  a n d  improved by 'v'egard and S t o e r m e r .  

T h i s  t h e o r y  seemed t o  p r o v i d e  a n  adequate  e x p l a n a t i o n  o f  t h e  a u r o r a l  bands 

and t h e i r  r e l a t i o n  t o  geomagnet ic  p e r t u r b a t i o n s .  The t r a j e c t o r i e s  o f  t h e  

motions of cha rged  p a r t i c l e s  i n  a magnet ic  f i e l d  were s t u d i e d  i n  d e t a i l .  

However, upon c l o s e r  examina t ion ,  t h i s  t h e o r y  i n  i t s  i n i t i a l  form c o u l d  not 

p r o v i d e  a s a t i s f a c t o r y  q u a n t i t a t i v e  e x p l a n a t i o n  o f  s u c h  f a c t a  as t h e  d i s t r i -  

b u t i o n  o f  p a r t i c l e s  i n  t h e  i n t e r s t e l l a r  medium between t h e  E a r t h  a n d  t h e  Sun,  

t h e  a b i l i t y  o f  t h e  p a r t i c l e s  t o  overcome t h e  magne t i c  f i e l d  and  a tmosphe re  

o f  t h e  E a r t h ,  t h e  c h a r a c t e r i s t i c s  of  t h e  a c t i o n  o f  the  p a r t i c l e s  on t h e  geo- 

magne t i c  f i e l d  and  t h e  n a t u r e  of t h e  change  i n  t h e  l a t t e r ,  t h e  exc i t a t ion  of 

c h a r a c t e r i s t i c  a u r o r a l  glow, e t c .  Chapman, F e r r a r o  and  M a r t i n ,  B e n n e t t  and 

H a l b e r t ,  A l fven ,  Petukhov a n d  o t h e r s  have  c o n t r i b u t e d  t o  t h e  improvement and 

development  o f  t h e o r y .  We s h a l l  n o t  c o n s i d e r  t h e s e  t h e o r i e s  h e r e ,  s i n c e  a 

d e t a i l e d  s u r v e y  and  c r i t i q u e  o f  t h e s e  t h e o r i e s  w a s  r e c e n t l y  g i v e n  by Cham- 

b e r l a i n  131. Isecause of  t h e  g r e a t  d i f f i c u l t i e s  a r i s i n g  i n  t h e  e x p l a n a t i o n  

o f  a u r o r a s  and geomagnet ic  p e r t u r b a t i o n s  by t h e  d i r e c t  a c t i o n  o f  compara t ive-  

l y  s low s o l a r  c o r p u s c l e s ,  o t h e r  t h e o r i e s  were  deve loped  which t r e a t e d  t h e  

a c c e l e r a t i o n  o f  c h a r g e d  p a r t i c l e s  i n  t h e  uppe r  a tmosphere  o f  t h e  E a r t h  above 

t h e  a u r o r a l  zone. A t  t h e  p r e s e n t  t ime,  v a r i o u s  kinds  o f  data have  made i t  

c l e a r  t h a t  o r d i n a r y  a u r o r a s  a r e  e x c i t e d  by e l e c t r o n  f l u x e s  w i t h  e n e r g i e s  of  

10 kev a n d  l e s s  [2, 4, 5 3 ,  and for t h i s  r e a s o n  t h e  t h e o r y  s h o u l d  e x p l a i n  t h e  

a p p e a r a n c e  of f l u x e s  o f  s u c h  e l e c t r o n s .  aonewhat  l e s s  power fu l  f l u x e s  o f  

similar s o f t  e l e c t r o n s  have  b e e n  obse rved  i n  t h e  i o n o s p h e r e .  Today, one of  
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t h e  c r u c i a l  problems i n  t h e  t h e o r y  of t h e  n o c t u r n a l  i o n o s p h e r e  a n d  a u r o r a 6  

is e l u c i d a t i o n  o f  t h e  mechanism and  o r i g i n  o f  t h e  f l u x e s  of s o f t  e l e c t r o n s  

which p roduce  t h e  i o n i z a t i o n  and glow o f  t h e  u p p e r  a tmosphe re ,  and t h e i r  re- 

l a t i o n  t o  s o l a r  phenomena a n d  geomagnet ic  storms. 

Rhen the  s t u d i e s  w i t h  a r t i f i c i a l  e a r t h  s a t e l l i t e s  a n d  s p a c e  r o c k e t s  de- 

t e c t e d  t h e  r a d i a t i o n  b e l t s  of  t h e  E a r t h ,  which c o n s i s t e d  o f  f l u x e s  o f  elec- 

t r o n s  and p r o t o n s  and  whose "horns"  p r o j e c t e d  o u t  i n t o  h i g h  geomagnet ic  l a t -  

i t u d e s ,  i t  was n a t u r a l  t o  a s s o c i a t e  t h e  o r i g i n  of  a u r o r a s  w i t h  t h e s e  f l u x e s .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  a whole y e a r  b e f o r e  t h e  d i s c o v e r y  o f  the 

r a d i a t i o n  b e l t s ,  S i n g e r  C61, working  on a t h e o r y  for t h e  i n t e r p r e t a t i o n  of 

t h e  magne t i c  s t o r m s  and a u r o r a s  w i t h  t h e  a i d  o f  s h o c k  waves o r i g i n a t i n g  i n  

t h e  s u n ,  p roposed  a mechanism f o r  t h e  t r a p p i n g  o f  cha rged  p a r t i c l e s  i n  

o t o e r m e r ' s  f o r b i d d e n  r e g i o n s  of t h e  magne t i c  f i e l d  o f  t h e  E a r t h .  H e  showed 

t h a t  t h e  par t ic les  w i t h  s m a l l  a n g l e s  be tween t h e  v e l o c i t y  and  t h e  magnet ic  

l i n e  of f o r c e  may r e a c h  deep l a y e r s  o f  t h e  a tmosphere  and  produce  a u r o r a s ,  

t h e  glow o f  t h e  n i g h t  sky,  and t h e  i o n i z a t i o n  o f  t h e  i o n o s p h e r e .  

A f t e r  t h e  d i s c o v e r y  o f  t h e  r a d i a t i o n  b e l t s  of  t h e  E a r t h ,  o t h e r  sources 

were  proposed  f o r  t h e  r e p l e n i s h m e n t  of  t h e s e  b e l t s  w i t h  p a r t i c l e s .  Most 

wide ly  a c c e p t e d  w a s  t h e  h y p o t h e s i s ,  deve loped  by S i n g e r  [?I, Vernov e t  a1 

C81, K e l l o g g  [9], and  Hess [lo], a c c o r d i n g  t o  wnich t h e  f o r m a t i o n  o f  t h e  

b e l t s  w a s  due  t o  t h e  d i s i n t e g r a t i o n  o f  t h e  a l b e d o  n e u t r o n s .  T h i s  h y p o t h e s i s  

w a s  deve loped  i n  d e t a i l  by a number o f  i n v e s t i g a t o r s  i n  1959 - 1960 Cll-141 

and  s u b s e q u e n t l y  b y  o t h e r s .  

T h e s e  s t u d i e s  r e v e a l e d  t h e  change i n  t h e  f l u x  i n t e n s i t y  o f  t h e  parti- 

c l e s  i n  s p a c e ,  t h e  ene rgy  spec t rum a n d  v e l o c i t y  d i s t r i b u t i o n  o f  t h e  t r a c k  

p a r t i c l e s ;  t h e  l i fe t imes  o f  t h e  l a t t e r  were c a l c u l a t e d ,  and t h e  most proba-  

b l e  ways i n  which t h e  p a r t i c l e s  were l o s t  f rom t h e  r a d i a t i o n  b e l t  were  
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determined ,  

t r o n s  may be a s o u r c e  o f  o n l y  t h e  i n n e r ,  more s t a b l e  r a d i a t i o n  b e l t .  I n  

d i s c u s s i n g  t h e  r e l a t i o n s h i p  between t h e  r a d i a t i o n  b e l t s  o f  the  E a r t h  a n d  

t h e  a u r o r a s  w e  s h a l l  c o n s i d e r  t h e  h y p o t h e s e s  c o n c e r n i n g  t h e  f o r m a t i o n  of  

the o u t e r  r a d i a t i o n  b e l t ,  Le t  us n o t e ,  however,  that P i z z e l l a  cl53 r e c e n t -  

l y  d e t e c t e d  s u b s t a n t i a l  v a r i a t i o n s  o f  r a d i a t i o n  i n t e n s i t y  i n  t h e  i n n e r  ra- 

d i a t i o n  b e l t  f o l l o w i n g  i n t e n s e  chromospheric  f lares.  T h e s e  v a r i a t i o n s  are 

It was a l s o  shown t h a t  t h e  d i s i n t e g r a t i o n  o f  t h e  albedo neu- 

s o  g r e a t  and t h e  c h a r a c t e r i s t i c  time of  t h e  r e e s t a b l i s h m e n t  o f  the  normal  

i n t e n s i t y  l e v e l  i s  s o  s h o r t  t h a t  there  a r i s e  some g r a v e  d o u b t s  t h a t  t h e  

n e u t r o n s  a r e  t h e  only or t h e  main 6ource  of t h e  i n n e r  r a d i a t i o n  be l t .  

A great  s t i m u l u s  b u t  a t  t h e  same time t h e  t o u c h s t o n e  of the t h e o r i e s  

c o n c e r n i n g  t h e  o r i g i n  o f  r a d i a t i o n  b e l t s  a n d  t h e  leakage of  p a r t i c l e s  from 

t h e  b e l t s  was t h e  s t u d y  o f  t h e i r  r e l a t i o n s h i p  t o  t h e  a u r o r a s  a n d  the E a r t h ' s  

i o n o s p h e r e .  L e t  us first examine t h e  problem o f  the r e l a t i o n s h i p  w i t h  t h e  

a u r o r a s  s i n c e  i t  a p p e a r s  t o  be r a t h e r  c l e a r l y  d e f i n e d .  

EXPERIMENTAL DATA ON THE RELATIONSHIP 
BETWEEN R A D I A T I O N  BELTS AND AURORAS 

One o f  t he  f a c t o r s  which o r i g i n a l l y  s u g g e s t e d  a r e l a t i o n s h i p  between 

t h e  r a d i a t i o n  b e l t s  a n d  the  a u r o r a s  (Van A l l e n  e t  a1 C16, 173, Rhodes C183) 

w a s  t h e  d i s c o v e r y  of  t h e  p r o x i m i t y  o f  t h e  l a t i t u d e s  o f  t h e  a u r o r a l  zone  t o  

t h o s e  o f  the  emergence of t h e  magnet ic  l i n e s  o f  f o r c e  from t h e  o u t e r  r a d i a -  

t i o n  b e l t .  V. I .  K r a s o v s k i i  e t  a1 cl9,  201 re lated t h e  emergence o f  t h e  

r a d i a t i o n  b e l t s  i n t o  h igh  l a t i t u d e s  t o  t h e  h e a t i n g  and  e x p a n s i o n  of t h e  a t -  

mosphere i n  t h e s e  r e g i o n s .  The power of t h e  e l e c t r o n  f l u x  measured i n  t h e  

o u t e r  b e l t  c o r r e s p o n d e d  as  i t  were t o  t h e  power o f  t h e  e l e c t r o n  f l u x e s  i n  

t h e  a u r o r a s .  The f irst  measurements o f  t h e  r a d i a t i o n  i n t e n s i t y  f l u c t u a -  

t i o n s  i n  t h e  l o w e r  p a r t s  o f  t h e  b e l t s  c21] showed t h a t  t h e y  a r e  c o r r e l a t e d  

w i t h  t h e  s o l a r  loagnet ic  and i o n o s p h e r i c  a c t i v i t i e s  i n c l u d i n g  a u r o r a s .  I t  
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seemed n a t u r a l  t h a t  i n  t h e  c o u r s e  of geomagnet ic  p e r t u r b a t i o n s ,  when t h e  

r e g u l a r  c h a r a c t e r  o f  t h e  m a g n e t i c  f i e l d  is d i s t u r b e d ,  t h e  p a r t i c l e s  a r e  en- 

a b l e d  t o  emerge from t h e  r a d i a t i o n  b e l t s .  Reaching downward i n t o  t h e  d e n s e r  

l a y e r s  o f  t h e  E a r t h ' s  a tmosphere,  t h e y  can  c a u s e  a u r o r a s  [ill and a s p o r a d i c  

i n t e n s i f i c a t i o n  of i o n i z a t i o n  i n  the i o n o s p h e r e .  Therefore o n  the b a s i s  of 

v a r i o u s  c o n s i d e r a t i o n s ,  t h e  r a d i a t i o n  b e l t s  o r i g i n a l l y  a p p e a r e d  t o  b e  n a t u -  

r a l  s o u r c e s  of a u r o r a s .  I t  was a l s o  n e c e s s a r y  t o  take i n t o  c o n s i d e r a t i o n  

t h e  f a c t  t h a t  t h e  s o l a r  a c t i v i t y  a f f e c t e d  t h e  a u r o r a s .  

T h e o r i e s  began t o  be  advanced  which re la ted  t h e  formation of t h e  o u t e r  

r a d i a t i o n  b e l t  t o  t h e  s o l a r  c o r p u s c u l a r  f l u x e s :  I .  S .  S h k l o v s k i i  e t  a1 Clu, 
Rees  a n d  R e i d  [ 2 2 ] ,  S.  B. Pikel'ner [ 2 3 ] ,  Gold c241. Although t h e  a p p r o a c h  

o f  t n e s e  a u t h o r s  t o  t h e  s o l u t i o n  o f  t h e  fundamenta l  problem o f  t r a p p i n g  by 

t h e  magnet ic  f i e l d  of  p a r t i c l e s  a n d  plasma c l o u d s  from solar c o r p u s c u l a r  

f l u x e s  was d i f f e r e n t  , n e v e r t h e l e s s  a n o t h e r  fundamenta l  problem remained urn- 

s o l v e d  i n  a l l  o f  the  above  s t u d i e s :  t h a t  of t h e  t r a n s f e r  of energy  from the  

slow i o n s  o f  t h e  c o r p u s c u l a r  f l u x  t o  the  f a s t  e l e c t r o n s  o f  t h e  r a d i a t i o n  

b e l t s  . 
F u r t h e r  i n v e s t i g a t i o n s  were conducted b o t h  i n  t h e o r e t i c a l  r e s e a r c h  - 

r e f i n e m e n t  of t h e  mechanism g o v e r n i n g  t h e  t r a p p i n g  o f  p a r t i c l e s  a n d  t h e i r  

a c c e l e r a t i o n ,  e x p l a n a t i o n  of  t h e  mechanism g o v e r n i n g  t h e  escape of t h e  par- 

t i c l e s  from t h e  belts, a n d  t h e i r  l i f e t i m e s  - as well as a l o n g  t h e  l i n e s  of 

a c c u m u l a t i o n  o f  new e x p e r i m e n t a l  d a t a  o n  t h e  s p e c t r u m  and f l u x  i n t e n s i t i e s  

o f  p a r t i c l e s  a t  v a r i o u s  h e i g h t s ,  on t h e  a n g u l a r  d i s t r i b u t i o n  o f  t h e i r  ye- 

l o c i t i e s ,  a n d  v a r i a t i o n  w i t h  time and t h e  c o r r e l a t i o n  w i t h  v a r i o u s  phenom- 

ena. lfie s h a l l  examine t h e s e  s t u d i e s  a t  some l e n g t h ,  

One of t h e  most g r a p h i c  m a n i f e s t a t i o n s  o f  t h e  i n t i m a t e  r e l a t i o n s h i p  

be tween t h e  r a d i a t i o n  b e l t s  and  t h e  geomagnet ic  f i e l d  a r e  the c o n s i d e r a b l e  
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v a r i a t i o n s  i n  t h e  i n t e n s i t y  o f  p a r t i c l e  f l u x e s  i n  t h e  b e l t s  d u r i n g  geomag- 

n e t i c  s torms.  The i n v e s t i g a t i o n s  c a r r i e d  o u t  by R o t h w e l l  e t  a1  [25l w i t h  

t h e  a i d  o f  t h e  s a t e l l i t e  E x p l o r e r  I V  and  Arnoldy e t  a1 C261 w i t h  t h e  a i d  

o f  E x p l o r e r  V I  showed beyond any doubt t h a t  d u r i n g  t h e  p e r i o d  o f  development 

o f  geomagnetic s t o r m s  the  r a d i a t i o n  i n t e n s i t y  i n  t h e  b e l @  d e c r e a s e s  siit- 

s t a n t i a l l y ,  a n d  a f t e r  t h e  s t o r m  i s  n o t  o n l y  r e e s t a b l i s h e d  b u t  i n c r e a s e s  i n  

comparison w i t h  t h e  i n t e n s i t y  p r e c e d i n g  t h e  m a g n e t i c  storm. During t h e  

s torm a change i n  t h e  p r o f i l e  a n d  s i z e  o f  t h e  o u t e r  r a d i a t i o n  b e l t  w a s  ob- 

s e r v e d  a s  w e l l  as a change i n  t h e  e n e r g y  s p e c t r u m  o f  t h e  p a r t i c l e s ,  which 

become h a r d e r  d u r i n g  t h e  s t o r m .  A l l  t h i s  i n d i c a t e s  t h e  complexi ty  o f  t h e  

mechanisms g o v e r n i n g  t h e  e scape  and r e p l e n i s h m e n t  o f  t h e  p a r t i c l e s  o f  t h e  

b e l t s .  I n  a d d i t i o n  t o  t h e  r e c o g n i z e d  p o s s i b i l i t y  o f  r e p l e n i s h m e n t  o f  t h e  

o u t e r  b e l t s  w i t h  s o l a r  c o r p u s c u l a r  f l u x e s ,  t h e  i dea  was s u g g e s t e d  i n  r e f .  

E 6 3  t h a t  t h e  change of t h e  p a r t i c l e  flux i n  t h e  b e l t  may be  d u e  t o  t h e  i n -  

c r e a s e  i n  t h e  d e n s i t y  o f  t h e  a tmosphere  a t  great a l t i t u d e s  i n  t h e  c o u r s e  of 

t h e  geomagnet ic  s t o r m s ,  when c e r t a i n  p r o c e s s e s  wnich a c c e l e r a t e  t h e  p a r t i -  

c l e s  i n  t h e  atmosphere a r e  i n t e n s i f i e d .  If this were t h e  case,  s i n c e  t h e  

i n c r e a s e  i n  t h e  d e n s i t y  of  t h e  upper  a tmosphere  i s  due  t o  t h e  s o l a r  a c t i v -  

i t y  [27-30], t h i s  c o u l d  a c c o u n t  f o r  t h e  o b s e r v e d  i311 dependence o f  t h e  

r a d i a t i o n  i n t e n s i t y  i n  t h e  o u t e r  zone on s o l a r  a c t i v i t y .  

Wrien t h e  p o s i t i o n  o f  the  r a d i a t i o n  b e l t s  i n  t h e  E a r t h ' s  magnet ic  f i e l d  

nas t n o r o u g h l y  i n v e s t i g a t e d ,  i t  was found [ 2 5 ,  26,  32-35], t h a t  t h e  magne- 

t i c  l i n e s  of f o r c e  emerging from t h e  o u t e r  r a d i a t i o n  b e l t  r e a c h e d  l a t i t u d e s  

which do n o t  c o i n c i d e  w i t h  t h e  a u r o r a l  zone, a n d  a p a r t i c u l a r l y  pronounced 

d i f f e r e n c e  i n  l a t i t u d e s  was n o t e d  i n  t h e  s o u t h e r n  h e E i s p h e r e .  Thus,  o n l y  

t h e  o u t e r m o s t  p o r t i o n s  o f  t h e  r a d i a t i o n  b e l t  a r e  a b l e  t o  y i e l d  p a r t i c l e s  

for t h e  e x c i t a t i o n  of a u r o r a s  through l e a k a g e  o f  t h e  p a r t i c l e s  o u t  of t h e  
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o u t e r  b e l t ,  s i n c e  i t  i s  n e c e s s a r y  t o  assume t h a t  t he  p a r t i c l e s  a r e  t r a n s -  

fe r red  from the c e n t r a l  p o r t i o n  o f  t h e  zone t o  t h e  o u t e r  p o r t i o n .  More- 

o v e r ,  t h e  "Argus" exper iment  showed t h a t  e n v e l o p e s  o f  t r a p p e d  p a r t i c l e s  

a r e  v e r y  stable w i t h  t i m e  and  t h a t  no o v e r f l o w  o f  p a r t i c l e s  i n t o  magnet ic  

e n v e l o p e s  w i t h  a d i f f e r e n t  geomagnetic l a t i t u d e  i s  observed .  

A n  e x p e r i m e n t a l  check was also a p p l i e d  t o  t h e  m a j o r  a s s u m p t i o n  t h a t  

t h e  i n t e n s i t y  and spec t rum of t h e  p a r t i c l e s  i n  t h e  r a d i a t i o n  b e l t s  c o r r e -  

spond t o  t h e  i n t e n s i t y  and spec t rum of t h e  p a r t i c l e s  i n  t h e  a u r o r a s .  I n  

t h i s  c a s e  i t  was i m p o r t a n t  t o  compare the  measurements o f  t h e  c o r p u s c u l a r  

f l u x e s  made a t  h e i g h t s  of a b o u t  100 k i l o m e t e r s  by means o f  r o c k e t s ,  w i t h  

measurements  o f  t h e  c o r p u s c u l a r  f l u x e s  i n  t he  r a d i a t i o n  b e l t s ,  p a r t i c u l a r l y  

i n  t h e  lower p o r t i o n s  o f  t h e  r a d i a t i o n  b e l t s .  He s h a l l  c o n s i d e r  t h i s  prob- 

l e m  i n  more d e t a i l ,  s i n c e  it is o f  fundamental  i m p o r t a n c e  for t h e  t h e o r y  

which is e x p e c t e d  t o  a c c o u n t  for t h e  e x c i t a t i o n  o f  t h e  glow i n  a u r o r a s  a n d  

for t h e  i o n i z a t i o n  i n  t h e  ionosphere .  

EXPERIMENTAL DATA ON THE CORPUSCLES 
I N  TEE AURORAS AND THE IONOSPHERE 

Although many e x p e r i m e n t s  have been  c a r r i e d  ou t  w i t h  r o c k e t s  and sat- 

e l l i t e s  equipped t o  measure p e n e t r a t i n g  r a d i a t i o n ,  v e r y  few d a t a  have been 

o b t a i n e d  t h u s  far on the  i n t e n s i t y  and  e n e r g y  spectrum o f  t h e  c o r p u s c u l a r  

r a d i a t i o n  p a s s i n g  t h r o u g h  t h e  i o n o s p h e r e .  This is  b e c a u s e ,  a f t e r  t h e  d i s -  

c o v e r y  o f  t h e  r a d i a t i o n  b e l t s  of t h e  E a r t h ,  a l l  a t t e n t i o n  was c o n c e n t r a t e d  

on t he  s t u d y  o f  t h e  m a x i m a  o f  t h e s e  b e l t s  a n d  on d e t e r m i n a t i o n  o f  t h e i r  ex- 

t e r n a l  b o u n d a r i e s ,  s i n c e  t h e s e  d a t a  c o u l d  b e  o f  g r e a t  i m p o r t a n c e  i n  e v a l -  

u a t i n g  t h e  r a d i a t i o n  h a z a r d  o f  cosmic f l i g h t s  ( s ee  C36J). I n  t h i s  s u r v e y ,  

o n  t h e  c o n t r a r y ,  w e  are i n t e r e s t e d  i n  t h e  l o w e s t  p o r t i o n  o f  t h e  r a d i a t i o n  

z o n e s  which ex tend  i n t o  t h e  i o n o s p h e r e  and i n t e r a c t  n i t h  i t .  AS we know, 

t h e  icnns$ere  a n d  polar a u r o r a s  are l o c a t e d  c o n s i d e r a b l y  below t h e  maximum 
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o f  t h e  zones ,  mhich i s  l o c a t e d  a t  a height  o f  abou t  3,000 t o  4,000 kilome- 

t e r s  abou t  t h e  e q u a t o r  a n d  a t  h i g h  l a t i t u d e s  d r o p s  t o  a b o u t  500 k i l o m e t e r s .  

The c o r p u s c u l a r  r a d i a t i o n  i n  t h e  upper  a txiosphere a t  c o m p a r a t i v e l y  l o r  

a l t i t u d e s  ( abou t  100 k i l o m e t e r s )  was first o b s e r v e d  by van  A l l e n  and co- 

workers  by means o f  r o c k i t t s  i n  1953. The p e n e t r a t i n g  r a d i a t i o n  w a s  re- 
d 

corded w i t h  r e l a t i v e l y  thick-walled (0.1 - 0.4 g/cm 

h e i g h t s  ) 50 km i n  t h e  p o l a r  r e g i o n  by iYIeredith, &.icDonald, E l l i s ,  Van Al- 

l e n  and o t h e r s  t37-393. 

> 

G e i g e r  c o u n t e r s  a t  

I n  t h e  a u t h o r ' s  v iew,  o n l y  e l e c t r o n s  k i t h  e n e r g i e s  

1 meV were r e c o r d e d ,  whose f l u x  (assuming a n  i s o t r o p i c  d i s t r i b u t i o n )  

L 
was a b o u t  10 t o  20 e l e c t r o n s / c m  s e c .  These r e s u l t s  %ere c o n f i r m e d  b y  t h e  

d a t a  o b t a i n e d  w i t h  a s c i n t i l l a t i o n  c o u n t e r  C40, 413. However, t n e r e  was n o  

c e r t a i n t y  that  e l e c t r o n s ,  r a t n e r  t h a n  p r o t o n s  or y r a y s ,  were o b s e r v e d  

c42J. A t  the m o d e r a t e  h e i g h t  o f  about  50 km, t h e  e f f e c t  d u e  t o  t h e  co r -  

p u s c l e s  amounted t o  a s l i g h t  a d d i t i o n  t o  t h e  background o f  cosmic  r a y s ,  b u t  

a t  a h e i g h t  of 100 km a t h i n - w a l l e d  c o u n t e r  r e c o r d e d  a r a d i a t i o n  which was 

a l r e a d y  f i v e  times more i n t e n s e  t h a n  t h e  cosmic r a y s .  I n v e s t i g a t i o n s  per -  

f o r E e d  between 1953 a n d  1955 showed t h a t  t h e  c o r p u s c u l a r  r a d i a t i o n  f l u c t u -  

a t e s  s t r o n g l y  w i t h  t i m e  a n d  h a s  a s t r o n g l y  d e f i n e d  l a t i t u d e  v a r i a t i o n  with 

t h e  maximum a t  t h e  geomagnet ic  l a t i t u d e  o f  6 5  t o  70°, i . e . ,  n e a r  t h e  maxi- 

m u m  o f  t h e  a u r o r a l  zone.  T h i s  w a s  p r o o f  t h a t  t h e  c o r p u s c l e s  p o s s e s s e d  a n  

e l e c t r i c  cha rge .  

Subsequent  i n v e s t i g a t i o n s  c a r r i e d  o u t  b y  Wan A l l e n  by E e a n s  o f  s c i n -  

t i l l a t i o n  c o u n t e r s  i4g-451 showed t h a t  t h e  p r i m a r y  c o r p u s c u l a r  r a d i a t i o n  

c o n s i s t s  of e l e c t r o n s  w i t h  energ;es m a i n l y  between 10 and  100 keb ( i n  any 

e v e n t  l e s s  than ZOO keV). I n  t h e  r e g i o n  o f  t h e  m a x i m u m  o f  t h e  zone o f  cor- 

pustular r a d i a t i o n ,  t h e  e l e c t r o n  f l u x  was 10 - 10 e lec t rons /cmc s e c  (en-  
6 8 - 

- 
L 

e r g y  flux o f  1-0.01 erg/cm s e c ) ;  t h e s e  e l e c t r o n s  a re  b r a k e d  a t  h e i g h t s  o f  
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90 t o  110 km and g e n e r a t e  b r a k i n g  X-ray r a d i a t i o n  a i t h  an i n t e n s i t y  of  Id 
- 10 q u a n t a  c m  s e c  , which p e n e t r a t e s  t o  a h e i g h t  o f  about  50 k m  a n d  

sometimes even  t o  25  km C461. 

5 -2 -1 

I n  t h e  work o f  Antonova e t  a1 c47, 481 i t  i s  r e p o r t e d  t h a t  when f l u o -  

r e s c e n t  s c r e e n s  w i t h  t h e  Zna (Ag) phosphorus were used ,  a number o f  e x p e r i -  

ments  a t  h e i g h t s  o f  70 t o  100 km a t  m i d d l e  l a t i t u d e s  i n  t h e  polar region 

r e c o r d e d  e l e c t r o n  f l u x e s  o f  1 t o  5 times 10 erg/cm sec  s t e r a d ,  whose 

maximum of t h e  e n e r g y  s p e c t r u m  w a s  10 t o  40 kev. The e l e c t r o n  f l u x  changed 

c o n s i d e r a b l y  from one day  t o  t h e  n e x t  a n d  wa6 sometimes e v e n  l e s s  t h a n  l d 2  

ere/cm s e c  s t e r a d .  T h e s e  r e s u l t s  were r e c e n t l y  c o n f i r m e d  by Kazachevskaga 

e t  a1 l49], who made measurements a t  t h i s  same h e i g h t  w i t h  a d i f f e r e n t  

method i n v o l v i n g  t h e  u s e  o f  thexmoluminescent CaS04 (Pin). 

-2 2 

2 

I n  r e f .  L 4 4 3  i t  was also shown t h a t  t h e  i n t e n s i t y  o f  t h e  c o r p u s c u l a r  

f l u x  d u r i n g  t h e  maximum of t h e  solar a c t i v i t y  i n  1957 was t h r e e  t imes as h i g h  

as between 1953 a n d  1955. 

rill t h e s e  e x p e r i m e n t s ,  c a r r i e d  o u t  w i t h  r o c k e t s ,  show beyond any doubt  

t h a t  a t  h e i g h t s  of 70 t o  100 km t h e r e  e x i s t s  a permanent e l e c t r o n  f lux w i t h  

a n  e f f e c t i v e  e n e r g y  o f  20 t o  50 keV. The i n t e n s i t y  o f  t h e  e l e c t r o n  f l u x  

f l u c t u a t e s  c o n s i d e r a b l y  w i t h  time, a p p a r e n t l y  c h a n g i n g  b y  1 t o  2 o r d e r s  o f  

magni tude.  % h e  power o f  t h i s  f l u x  is s i g n i f i c a n t ,  a b o u t  10 erg/cm sec 

s t e r a d ,  and i n  t h e  r e g i o n  of geomagnet ic  l a t i t u d e  of 67 a t t a i n s  a maximum 

o f  a b o u t  1 t o  0.1 erg/cm2 sec  s t e r a d .  

-2 2 

0 

The heavy dependence o f  t h e  i n t e n s i t y  o f  t h e  c o r p u s c u l a r  r a d i a t i o n  be- 

i n g  s t u d i e d  on t h e  l a t i t u d e  w i t h  a s h a r p  maximum a t  t h e  geomagnet ic  l a t i t u d e  

of  6 7 O ,  which i s  l o c a t e d  i n  t h e  v i c i n i t y  o f  t h e  a u r o r a l  zone (similar re- 

s u l t s  were o b t a i n e d  f o r  t h e  s o u t h e r n  p o l a r  region c451) ,  as w e l l  as  t h e  

v e r y  h i g h  i n t e n s i t y  o f  t h i s  r a d i a t i o n  compared t o  t h e  e n e r g y  r a d i a t e d  by 
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t h e  a u r o r a s  i n  t h e  v i s i b l e  p o r t i o n  of t h e  spec t rum l e d  Van A l l e n  [45A t o  

t h e  c o n c l u s i o n  t h a t  t h e  c o r p u s c u l a r  r a d i a t i o n  c a u s e s  a u r o r a s  or is  i n  some 

way a s s o c i a t e d  wi th  them. 

MEASUREMENTS OF ELECTRON n u x =  IN AURORAS 
BY MEANS O F  ROCKETS AND SATELLITES 

bhen a r o c k e t  was l a u n c n e d  on August 14,  1957 i n t o  t h e  luminous  forma- 

t i o n s  of  a u r o r a s ,  v e r y  i n t e n s e  c o r p u s c u l a r  f l u x e s  C441 p e n e t r a t i n g  t o  a 

p a r t i c u l a r l y  great d e p t h  i n  t h e  a tmosphe re  were  r e c o r d e d  C451. 

L a t e r  s e v e r a l  r o c k e t  l a u n c h i n g s  were made t o  measure t h e  i n t e n s i t y  

and spec t rum o f  t h e  p r imary  c o r p u s c u l a r  r a d i a t i o n .  McIlwain c50, 513 r e -  

p o r t s  some r e s u l t s  of  measurements  o€  i o n  and  e l e c t r o n  f l u x e s  i n  a d i f f u s e  

a u r o r a  i n  t h e  c l a s s  of i n t e n s i t y  1 produced a l o n g  t h e  l a u n c h i n g  o f  a r o c k e t  

on Februa ry  21, 1958, and i n  the a c t i v e  a r c  of  t h e  a u r o r a  of Februa ry  25, 

1958. C o r p u s c l e s  of abou t  3 t o  250 keV were r e c o r d e d  w i t h  a s c i n t i l l a t i o n  

c o u n t e r  w i t h  a C s I  c r y s t a l  combined wi th  e l e c t r o m a g n e t i c  s p e c t r a l  a n a l y z e r s .  

E l e c t r o n s  began t o  be r e c o r d e d  at a h e i g h t  o f  80 km ( t h e  f l u x  b e i n g  about  

0.1 erg/cm2 s e c  s t e r a d ) ,  and t h e i r  f l u x  was 1.6 x lo1' e l e c t r o n s / c m  
2 s e c  a t  

t n e  maximum h e i g h t  o f  120 km reached  by t h e  r o c k e t .  Most of  t h e  energy was 

c a r r i e d  by s o f t  e l e c t r o n s  w i t h  e n e r g i e s  < 10 keV. 

e l e c t r o n s  i n  t h e  r e g i o n  of 3 t o  30 keV w a s  2.5 x 10 

s e c ,  and  t h e  t o t a l  e n e r g y  f l u x  was a b o u t  PO ergs/cm s e c  i n  t h e  d i f f u s e  au- 

The e n e r g y  s p e c t r u m  o f  

e 1 e c t rons /  cm 
E 9 e-E/5keV 

2 

r o r a .  

t h e  form j ( > E ) =  2.5 x 10 exp(3so I E  keV f protons/cm2 s e e  s t e r a d  and a t o t a l  

f l u x  of about  1.5 x 10 protons/cm s e c .  I n  t h e  a c t i v e  a u r o r a l  a r c  t h e r e  

Also r e c o r d e d  was a f l u x  o f  80 - 250 keV p r o t o n s  w i t h  a spec t rum of 

7 2 

was r e c o r d e d  a n e a r l y  monoenerge t ic  f l u x  o f  about  6 keV e l e c t r o n s  and a max- 

imum f l u x  of abou t  5 x lo1' e lec t rons / cm 
2 2 s e c  s t e r a d  (about  S W O  ergs/cm 

s e c )  1513. The e f f i c i e n c y  o f  conve r s ion  o f  t h e  ene rgy  o f  e l e c t r o n s  i n t o  

l i g h t  e n e r m  o f  r a d i a t i o n  i n  t h e  atmosphere was a round  0.2%. T h i s  i m p o r t a n t  
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f a c t o r  makes i t  p o s s i b l e  t o  de t e rmine  t h e  i n t e n s i t y  of t h e  e l e c t r o n  f l u x  

i n  v a r i o u s  a u r o r a s  from a v i s u a l  e v a l u a t i o n  o f  t h e i r  i n t e n s i t i e s ,  

M e r e d i t h  and co-workers  c52, 531 r e p o r t  on t h r e e  r o c k e t  l a u n c h i n g s  i n -  

t o  t h e  luminous arcs of a u r o r a s  on  Janua ry  25 and  March 14 a n d  22,  1958. 

The r o c k e t s  were equipped  w i t h  Ge ige r  c o u n t e r s  and p r o p o r t i o n a l ,  pulsed ,  

and s c i n t i l l a t i o n  c o u n t e r s .  T h i s  made i t  p o s s i b l e  t o  measure n o t  o n l y  t h o  

i n t e n s i t y  of  t h e  c o r p u s c u l a r  r a d i a t i o n  but  a l s o  t h e  ene rgy  s p e c t r u m  of t h e  

p a r t i c l e s  c o n s t i t u t i n g  i t .  

When t h e  r o c k e t  p a s s e d  th rough  t h e  luminous  a u r o r a l  f o r m a t i o n s  a flux 
2 

( u p  t o  5 ergs/cm s e c  s t e r a d )  o f  r e l a t i v e l y  s o f t  e l e c t r o n s  w i t h  e n e r g i e s  

2 3 keV was recorded. 

o f  t h e  e l e c t r o n s ;  t h u s ,  t h e  i n t e n s i t y  of a f l u x  of e l e c t r o n s  w i t h  e n e r g i e s  

Some data were a l s o  o b t a i n e d  on t h e  e n e r g y  s p e c t r u m  

\ 4 8 keV was 10 t i m e s  greater t h a n  t h a t  of a f l u x  o f  e l e c t r o n s  w i t h  e n e r g i e s  

>35 keV, Fur the rmore ,  j u s t  as i n  c50, 511, a n  i o n  f l u x  o f  abou t  10 5 p a r -  
t? t i c l e s / c m  

s m a l l e r  t h a t  of t h e  e l e c t r o n  f l u x .  A t  h e i g h t s  below 130 t o  140 km a drop  

i n  t h e  i n t e n s i t y  o f  i o n  a n d  e l e c t r o n  f l u x e s  w a s  observed ,  and t h e  i s o t r o p y  

o f  t h e  a n g u l a r  v e l o c i t y  d i s t r i b u t i o n  of t h e  p a r t i c l e s  w a s  d i s r u p t e d .  It 

was n o t e d  t h a t  t h e  e l e c t r o n  f l u x  above 140 k m  was n o t  c o n s t a n t  and in one 

expe r imen t  had t n r e e  m a x i m a  c o r r e s p o n d i n g  t o  t h e  t h r e e  e v e n t s  of t h e  pene- 

t r a t i o n  o f  t h e  r o c k e t  i n t o  t h e  rays of t h e  a u r o r a s .  I n  c o n t r a s t  t o  e l e c -  

t r o n s ,  which were n o t  d e t e c t e d  o u t s i d e  t h e  r e g i o n s  o f  a u r o r a l  glow, i o n s  

were  p r e s e n t  i n  t h e  u p p e r  l a y e r s  i n d e p e n d e n t l y  o f  t h e  a u r o r a ,  I t  is impor- 

t a n t  t o  n o t e  t h a t  no e l e c t r o n s  w i t h  t h e  low e n e r g y  of 30 t o  l,OOO eV were  

observed up t o  a h e i g h t  of 178 km w i t h i n  an a c c u r a c y  o f  lo9 cm 

s terad . 

s e c  s t e r a d  was r e c o r d e d  whose power w a s  2 o r d e r s  o f  magni tude  

-2 -1 s e c  

-1 

An i n t e r e s t i n g  r e s u l t  has o b t a i n e d  w i t h  t h e  s a t e l l i t e  E x p l o r e r  V I 1  
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[%I ,  which,  upon p a s s i n g  o v e r  t h e  a u r o r a l  a r c  a t  a h e i g h t  o f  Zoo0 km (if 

t h e  t r a j e c t o r y  of t h e  s a t e l l i t e  is assumed t o  f o l l o w  a magne t i c  l i n e  o f  

f o r c e ) ,  r e c o r d e d  a n  e x t r e m e l y  powerfu l  f l u x  o f  c o r p u s c u l a r  r a d i a t i o n  ( 

10 ergs/cm s e c ) .  A s  i n  t h e  a u r o r a l  r e g i o n ,  t h e  r e c o r d e d  c o r p u s c u l a r  ra- 

d i a t i o n  was e s p e c i a l l y  s o f t  ( t h e  r a t i o  j ( )  30 keVi/j( 7 70 ke?') was 27:l 

i n s t e a d  of  t h e  u s u a l  14:l). The a n g u l a r  v e l o c i t y  d i s t r i b u t i o n  o f  t h e  par -  

t i c l e s  was s u c h  t h a t  most  o f  them s h o u l d  have b e e n  abso rbed  i n  t h e  atmos- 

p h e r e  a f t e r  a few hundred  o s c i l l a t i o n s  ( i n  a t ime  o f  s e v e r a l  dozen m i n u t e s ) .  

An i n t e n s e  f l u x  o f  c o r p u s c u l a r  r a d i a t i o n  was a l s o  d e t e c t e d  as t h e  s a t e l l i t e  

p a s s e d  o v e r  a b r o a d ,  e l o n g a t e d  a u r o r a l  a r c  which glowed i n  t h e  6300 angs t rom 

l i n e ,  and t h e  i n t e n s i t y  o f  t h e  c o r p u s c u l a r  r a d i a t i o n  d e c r e a s e d  s y n c h r o n o u s l y  

w i t h  t i m e  as t h e  a u r o r a l  glow faded. 

4 2 

R e c e n t l y  O 'Br ien  e t  a1 c55-571 have  o b t a i n e d  i r c p o r t a n t  new d a t a  on t h e  

spec t rum and i n t e n s i t y  o f  t h e  t r a p p e d  p a r t i c l e s  i n  t h e  l o w e r  and  c e n t r a l  

p o r t i o n s  of t h e  r a d i a t i o n  b e l t s  by means o f  t h e  s a t e l l i t e s  E x p l o r e r  ;I11 and 

I n j u n  I. They found t h a t  t h e  e s t i m a t e s  of e l e c t r o n  f l u x e s  assuloed e a r l i e r  

f o r  the o u t e r  r a d i a t F o n  b e l t s ,  cm s e c  ( E > Z O  keil)  were much t o o  

h igh .  The most r e c e n t  d a t a  on t h e  f l u x e s  a n d  spec t rum o f  e l e c t r o n s  i n  t h e  

c e n t r a l  p o r t i o n  o f  t h e  o u t e r  r a d i a t i o n  zone ob ta i r i ed  w i t h  t h e  a i d  o f  Exp lo r -  

e r  XI1 a r e  g i v e n  below: 

-2 -1 

> ' 0  i.>-&? E)-110 110-1600. 1600-5000 >5000 
j, cm-2*sf3c -1 - I @  !1.107 s. 107 <I@ 2.105 < 103 

E, keV 

Accord ing  t o  t h e  measurements  made b y  I n j u n  I ,  at a h e i g h t  o f  abou t  1000 km 

t h e  p a r t i c l e  f l u x  w i t h  E740 keV h a s  j r a 1 0  cm s e c  , and t n e  m a x i m u m  

t o t a l  energy  f l u x  E > 1  keV was a b o u t  10 ergs/cm 

d e t e c t o r  and  a b o u t  70 ergs/cm2 s e c  s t e r a d  a c c o r d i n g  t o  a n o t h e r .  

f l u x e s  t h e r e  a r e  somet imes  obse rved  s u c h  small a n g l e s  be tween tk.e v e l o c i t y  

o f  t h e  e l e c t r o n s  md t h e  magnet ic  l i n e  o f  force t h a t  a l a r g e  p e r c e n t a g e  o f  

6 -2 -1 

2 s e c  s t e r a d  a c c o r d i n g  t o  one  

I n  t h e s e  

12 



. 
t h e s e  e l e c t r o n s  s h o u l d  migrate from a h e i g h t  o f  1,000 k m  t o  about  ZOO km 

and, by becotzing a b s o r b e d ,  s h o u l d  produce a u r o r a s .  I t  i s  q u i t e  p o s s i b l e  

t ha t  t h e  d i f f u s e  a u r o r a  glowing a b o u t  c o n t i n u o u s l y  i n  t h e  e n t i r e  SKY and  ob- 

s e r v e d  d u r i n g  IGY w a s  due  p r e c i s e l y  t o  t h e s e  e l e c t r o n  f l u x e s  which had v e r y  

low p i v o t i n g  p o i n t s  L5j. The v a l u e  o f  j change5 c o n s i d e r a b l y  w i t h  t i m e  ami 

depends on t h e  geomagnet ic  l a t i t u d e ,  fo rming  a b r o a d  peak  atcp, -50" and 

around t h e  a u r o r a l  zone. A change was obse rved  i n  t h e  c h a r a c t e r  o f  t h e  

spec t rum of  t h e  e l e c t r o n s ,  which as a r u l e  have  a s t e e p e r  s p e c t r u m  a t  h i g h  

l a t i t u d e s ,  i . e . ,  s o f t e r  c o r p u s c l e s  p redomina te  i n  t h e  e l e c t r o n  flux. In 

t h e  a u r o r a l  zone,  j changes  by  a n  o r d e r  o f  magni tude  in a few s e c o n d s ,  

which c o r r e s p o n d s  t o  a s a t e l l i t e  d i sp l acemen t  of  a few dozen km. It  s h o u l d  

be n o t e d  a t  t h i s  p o i n t  t h a t  t h e  f i r s t  i n v e s t i g a t i o n s  o f  s o f t  corpuscu3.ar 

r a d i a t i o n  per formed w i t h  t h e  t h i r d  S o v i e t  a r t i f i c i a l  s a t e l l i t e  by means o f  

a f l u o r e s c e n t  d e t e c t o r  by K r a s o v s k i i  e t  al l58, 19, 201 d i s c o v e r e d  e x a c t l y  

t h e  same c h a r a c t e r i s t i c s  o f  t h e  c o r p u s c u l a r  r a d i a t i o n .  

O f  t h e  i n s t r u m e n t s  ment ioned  so f a r ,  t h e  most  a p p r o p r i a t e  f o r  t h e  s t u d y  

0 f s o f t  c o r p u s c u l a r  r a d i a t i o n  is a f l u o r e s c e n t  s c r e e n  w i t h  a p h o t o m u l t i p l i e r  

d e s c r i b e d  by K r a s o v s k i i ,  Kushn i r  and B o r d o v s k i i  C591. The t h i r d  S o v i e t  AES 

pe r fo rmed  measurements  by means o f  a f l u o r e s c e n t  s c r e e n  o f  ZnS (Ag) o f  h i g h  

s e n s i t i v i t y  t o  s o f t  e l e c t r o n s ,  and  v a l u a b l e  r e s u l t s  were  o b t a i n e d  a l t h o u g h  

t h e r e  were  v e r y  few s a t i s f a c t o r y  measurements ( o n l y  t h e  o r b i t  o f  May 15, 

19581, b e c a u s e  t h e  r e a d i n g s  were o f f  s c a l e  most o f  t h e  t i m e  C60, 58, 19, 

L O ] .  The t h r e s h o l d  of s e n s i t i v i t y  o f  t h e  i n s t r u m e n t s  t o  * 10 keV e l e c t r o n s  

was t h e  l o w e s t  o f  a l l  t h e  d e v i c e s  used  u n t i l  t h e n .  A t  h e i g h t s  of 470 t o  

1,880 km t h e  ene rgy  f l u x  o f  t h e  c o r p u s c l e s  u s u a l l y  exceeded  t h e  c o l o s s a l  

v a l u e  o f  4 x 10 3 ergs/cm2 s e c  s t e r a d .  The l o w e s t  i n t e n s i t y  was r e c o r d e d  

above  t h e  geomagnet ic  e q u a t o r  i n  t h e  i n n e r  r a d i a t i o n  b e l t  at a h e i g h t  of 



1,300 km ( i n  t h e  e a s t e r n  hemisphere) .  Whereas t h e  e n e r g y  o f  t h e  e l e c t r o n s  

was-20 keV, t h e i r  f l u x  was 10 A/cmc s t e rad=6  x 10 e lec t rons /cm s e c  

s t e r a d  C193. During t h e  n i g h t  o f  Yhy 15, t h e  s a t e l l i t e  p a s s e d  o v e r  t h e  

P a c i f i c  Ocean a t  a h e i g h t  of 1,720 t o  1,880 km ( s o u t h e r n  l a t i t u d e s  o f  42 t o  

54'). 

e rgy  o f  t h e  e l e c t r o n s  i n  t h e  f l u x  as a f u n c t i o n  o f  t h e  r o t a t i o n  o f  t h e  sa te l -  

l i t e s  a n d  o f  t h e  c h a n g i n g  geographic  l a t i t u d e ,  as w e l l  as v e r y  f a s t  ( abou t  

1 s e c  C601) t i m e  v a r i a t i o n s  i n  i n t e n s i t y  amounting t o  1 o r d e r  o f  magnitude. 

I n  t h e  v i c i n i t y  o f  t h e  e q u a t o r  t h e  energy  o f  t h e  e l e c t r o n s  w a 3  a b o u t  40 keV 

and i t  dropped t o  10 keV i n  t he  p o l a r  r e g i o n .  I n  t h e s e  e x p e r i m e n t s  i t  was 

observed  t h a t  t h e  p a r t i c l e s  h a v e  a predominant  d i r e c t i o n  o f  motion t h a t  is 

p e r p e n d i c u l a r  t o  t h e  magnet ic  l i n e s  o f  f o r c e ;  t h i s  i n d i c a t e s  t h a t  t h e  par -  

t i c l e s  move i n  s p i r a l s  abou t  t h e  l i n e s  o f  f o r c e .  The d i s k - l i k e  v e l o c i t y  

d i s t r i b u t i o n  o f  t h e  p a r t i c l e s  was l a t e r  c o n f i r m e d  b y  van A l l e n  e t  a1 C161 

and H o l l y  e t  a1 [61]. The minimum f l u x  power r e c o r d e d  i n  t h e s e  e x p e r i m e n t s  
2 

a t  low a l t i t u d e s  was a b o u t  1 erg/cm s e c .  However, t h i s  v a l u e  w a s  also 

much g r e a t e r  t h a n  t h e  power o f  t h e  p a r t i c l e  f l u x e s  r e c o r d e d  by o t h e r  methods.  

T h e s e  e x p e r i m e n t s  are a g r a p h i c  i l l u s t r a t i o n  o f  t h e  f a c t  t h a t  t h e  major p a r t  

o f  t h e  e n e r g y  i s  c a r r i e d  by s o f t  e l e c t r o n s  b o t h  i n  t h e  o u t e r  a n d  i n  t h e  i n -  

n e r  r a d i a t i o n  b e l t s .  

-14 4 2 

During t h a t  t ime t h e r e  was o b s e r v e d  a change i n  t h e  i n t e c s i t y  n d  on- 

I n  re f .  [60, 58, 1 9 ,  203 ideas  were advanced c o n c e r n i n g  t h e  great geo- 

p h y s i c a l  i m p o r t a n c e  o f  t h e s e  e l e c t r o n  f l u x e s ,  which are c a p a b l e  of c a u s i n g  

a c o n s i d e r a b l e  h e a t i n g  o f  t h e  E a r t h ' s  upper  a tmosphere ,  t h e  o b s e r v e d  s h a r p  

v e r t i c a l  t e m p e r a t u r e  g r a d i e n t ,  and t h e  e x p a n s i o n  or s w e l l i n g  o f  t h e  atmos- 

p h e r e  de t ec t ed  by s a t e l l i t e s  i n  t h e  polar r e g i o n s  where t h e  i n t e n s i t y  o f  

t h e  e l e c t r o n  f l u x  is h i g h e r .  Subsequent  i n v e s t i g a t i o n s  confirmed t h e  f a c t  

t h a t  e l e c t r o n s  c a r r y  t h e  b u l k  o f  t h e  energy  i n  t h e  r a d i a t i o n  b e l t s .  
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According t o  new d a t a  C561, a n  e l e c t r o n  f l u x  w i t h  E > 1 keV a t t a i n s  

a b o u t  10 t o  70 ergs/cm2 sec s te rad ,  and the  a n g l e s  between t h e  v e l o c i t y  o f  

t h e  e l e c t r o n s  and t h e  magnet ic  l i n e  o f  f o r c e  are  s o  s m a l l  t h a t  most  o f  t h e  

e l e c t r o n s  s h o u l d  r e a c h  h e i g h t s  o f  abou t  200 k m  a n d  c a u s e  a u r o r a s .  A t h o r -  

ough study o f  t h e  =,gular d i s t r i b u t i o n  o f  e l e c t r o n s  [57] shows t h a t  a t  d i f -  

f e r e n t  l a t i t u d e s  t h e  i n t e n s i t y  o f  t h e  f l u x  o f  e l e c t r o n s  w i t h  h > 40 keV, 

which p e n e t r a t e  deep  i n t o  t h e  atmosphere,  u s u a l l y  amounts t o  N 1 0  cm 

s e c  s t e r a d  C561, i .e. ,  t h e  t o t a l  f l u x  o f  t h e  e l e c t r o n s  e s c a p i n g  i n t o  t h e  

dense  l a y e r s  o f  t h e  a tmosphere  by day i s  = d O . 1  erg/cm s e c .  A s  w i l l  be 

shown below, a f l u x  of appro ldmate ly  t h i s  magni tude  o r  s l i g h t l y  more i n -  

t e n s e  is  n e c e s s a r y  t o  m a i n t a i n  t h e  i o n i z a t i o n  o f  t h e  n o c t u r n a l  i o n o s p h e r e .  

4 -2 

-1 -1 

i 

PROBLEM OF THE ACCELERATION OF CORPUSCLES I N  THE ATMOSPHERE 

The r e s u l t s  o b t a i n e d  a re  o f  fundamental  i m p o r t a n c e  s i n c e  t h e y  a g a i n  

p o s e  t h e  problem o f  t h e  o r i g i n  o f  t h e  c o r p u s c l e s ,  a u r o r a s ,  a n d  p a r t i c l e s  o f  

t h e  r a d i a t i o n  b e l t s .  The powerfu l  p a r t i c l e  f l u x e s  which c o n t i n u a l l y  stream 

i n t o  t h e  a tmosphere  a n d  a r e  o b s e r v e d  a t  c o m p a r a t i v e l y  modera te  h e i g h t s ,  w 

1,000 km C561, cannot  r e s u l t  from t h e  l e a k a g e  o f  t h e  t r a p p e d  p a r t i c l e s  from 

t h e  b e l t s .  For  t h i s  r e a s o n ,  r e f e r e n c e s  C56, 573 p o i n t  o u t  t h a t  i t  i s  n e c -  

e s s a r y  t o  p o s t u l a t e  t h e  e x i s t e n c e  o f  a c e r t a i n  c o n s i d e r a b l y  more p o w e r f u l  

mechanism o f  t h e i r  a c c e l e r a t i o n ,  which o p e r a t e s  i n  t h e  i o n o s p h e r e .  I t  is 

p o s s i b l e  t h a t  t h e  r a d i a t i o n  b e l t s  a r e  g e n e r a t e d  by t h e  same mechanism, when 

a c c e l e r a t e d  e l e c t r o n s  r e a c h  t h e  t r a j e c t o r i e s  o f  magnet ic  t r a p s .  Some i d e a s  

on t h e  a c c e l e r a t i o n  o f  s o f t  p a r t i c l e s  i n  t h e  m a g n e t i c  f i e l d  o f  t h e  E a r t h  

have  been  e x p r e s s e d  ea r l i e r  by K r a s o v s k i i  e t  a1 c58, 621 i n  c o n n e c t i o n  w i t h  

t h e  da ta  o b t a i n e d  from t h e  t h i r d  S o v i e t  AES. The same c o n c l u s i o n  was r e a c h -  

ed i n  o u r  p a p e r  w r i t t e n  i n  c o o p e r a t i a n  w i t h  Antonova c77, 781. R e c e n t l y ,  

Vernov e t  a1 i631, u s i n g  t h e  d a t a  f r o r  t h e  second cosmic s h i p ,  a l s o  d i s c o v e r e d  



i m p o r t a n t  p a r t i c l e  f l u x e s  i n  t h e  atmosphere a t  t h e  low a l t i t u d e  o f  329 km 

a n d  p u t  forward  t h e  h y p o t h e s i s  of a l o c a l  a c c e l e r a t i o n  o f  e l e c t r o n s  w i t h i n  

t h e  c o n f i n e s  o f  t h e  geomagnet ic  f i e l d .  

The h y p o t h e s i s  on t h e  a c c e l e r a t i o n  o f  t h e  p a r t i c l e s  i n  t h e  E a r t h ' s  at- 

mosphere i n d u c e d  by c e r t a i n  p r o c e s s e s  h a s  been  c o n s i d e r e d  by many a u t h o r s  

( A l f v e n ,  Hoyle,  L e b e d i n e s k i i )  i n  c o n n e c t i o n  w i t h  t h e  e x p l a n a t i o n  o f  auroras 

a n d  e a r l i e r  c3A. E s s e n t i a l l y ,  c o n s i d e r a t i o n  was g i v e n  t o  v a r i o u s  mecha- 

n i s m s  o f  e l e c t r o n  a c c e l e r a t i o n  by h y p o t h e t i c a l  l o c a l  e l e c t r i c  f i e l d s  i n  t h e  

i o n o s p h e r e ,  %hose  e x i s t e n c e  is  very c o n j e c t u r a l  (Fan , C641, Reid C651). 

K e l l o g g  C661 assumed t h a t  when p a r t i c l e s  d i f f u s e  i n  tne  m a g n e t i c  f i e l d  o f  

t h e  E a r t h  t h e y  a re  a c c e l e r a t e d .  Obayashi C67] t r e a t e d  t h e  Fermi a c c e l e r a -  

t i o n  mechanism by hydromagnet ic  waves. The h y p o t h e s i s  o f  t h e  a c c e l e r a t i o n  

of p a r t i c l e s  in a s t a t i c  magnet ic  f i e l d  as i n  a h i n d  o f  g e o c y c l o t r o n  w a s  

p u t  forward by H e l l i w e l l  a n d  B e l l  L683. Coleman C691 a n a l y z e d  t h e  i n f l u -  

e n c e  of  a n  inhomogeneous s l o w l y  changing geomagnet ic  f i e l d  and t h e  b e t a t r o n  

a c c e l e r a t i o n  mechanism. D e s s l e r  and  Hanson C701 proposed  a mechanism o f  a c -  

c e l e r a t i o n  by t h e  hydromagnet ic  s h o c k  wave whicn i s  formed when s o l a r  p l a s -  

ma p e n e t r a t e s  t h e  E a r t h ' s  magnet ic  f i e l d .  The  n e c e s s i t y  o f  p o s t u l a t i n g  t h e  

a c c e l e r a t i o n  o f  p a r t i c l e s  i n  t h e  Earth's atmosphere was d i s c u s s e d  i n  d e t a i l  

by S i n g e r  [7l], Chamberlain [72], and Chamber la in  e t  a1  r.731. The mecha- 

nism o f  t h e  t r a n s r e s o n a n c e  a c c e l e r a t i o n  o f  a n  e l e c t r o n  i n  t h e  o u t e r  p o r t i o n  

of t h e  i o n o s p h e r e  i n  t h e  w h i s t l e r s  was proposed by P a r k e r  C743. Akasofu 

and Chapman C75, 763 made an a t t e m p t  t o  c o r r e l a t e  t h e  geomagnet ic  v a r i a t i o n s ,  

t h e  r a d i a t i o n  b e l t s  a n d  t h e  c u r r e n t  r i n g .  They t h u s  o b t a i n e d  a unique  angu- 

l a r  v e l o c i t y  d i s t r i b u t i o n  o f  t h e  t r a p p e d  p a r t i c l e s .  

I n  r e f e r e n c e s  c77, 781 L .  A .  Antonova and t h e  a u t h o r ,  p r o c e e d i n g  from 

t h e  h y p o t h e s i s  o f  t h e  e a s t e n c e  of c o r p u s c u l a r  e l e c t r o n  f l u x e s  i n  t h e  
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F i g .  1. Energy spec t rum o f  e l e c t r o n s .  

1 - da ta  o f  C l a d i s  e t  al C983; 2 - 
a v e r a e e  s p e c t r u m  c a l c u l a t e d  by Ander- 
son from X-ray b r e m s s t r a h l u n g  C88J ; 
3 - data o f  Holly and Johnson C613 
( i n  r e l .  un.) ;  4 - data  o f  Krasovskii 
e t  a1 i201; 5 - data o f  McIlwain C5ll; 
6 - data o f  Meredi th  e t  al i52); 7 - 
c a l c u l a t e d  from t h e  d a t a  o f  Kupperian 
and  Friedroan C891; 8 - c a l c u l a t e d  i n  
re f .  C78]; 9 - d a t a  o f  O'Brien e t  a1 
is51 

i o n o s p h e r e ,  c a l c u l a t e d  t h e  e n e r g y  s p e c t r u m  of  t h e  e l e c t r o n s  m a i n t a i n i n g  t h e  

i o n i z a t i o n  a t  n i g h t .  It w a s  found t h a t  t h e  i n t e n s i t y  o f  t h e  e l e c t r o n  flux 

i n c r e a s e s  w i t h  t h e  a l t i t u d e  i n  t h e  i o n o s p h e r e .  A v e r y  small  e l e c t r o n  energy  

( ,y  100 t o  200 eV) i n  t h e  u p p e r  p a r t  o f  t h e  i o n o s p h e r e  and a v e r y  s t e e p  

e l e c t r o n  s p e c t r u m  N W E-', where y = 4.5 were o b t a i n e d .  

\ 

A similar spec- 

trum w i t h  y = 5 w a s  o b t a i n e d  f o r  t h e  c o r p u s c l e s  i n  t h e  u p p e r  a tmosphere  

by Vernov e t  a1 [gg]. F i g u r e  1 compares t h e  c a l c u l a t e d  s p e c t r u m  f o r  q u i e t  

i o n o s p h e r i c  c o n d i t i o n s  a n d  v a r i o u s  o b s e r v e d  s p e c t r a l  d a t a .  These  c a l c u l a -  

t i o n s  were c a r r i e d  o u t  w i t h  t h e  assumption o f  a n  i s o t r o p i c  v e l o c i t y  d i s t r i -  

b u t i o n  o f  t h e  e l e c t r o n s  i n  s p a c e .  However, measurements i n d i c a t e  t h a t  t h e r e  

i s  no i s o t r o p y .  If t h e  t r u e  v e l o c i t y  d i s t r i b u t i o n  i s  t a k e n  i n t o  c o n s i d e r a -  

t i o n ,  i t  may produce  a change i n  t h e  s h a p e  o f  t h e  c a l c u l a t e d  energy  s p e c t r u m  

o f  t h e  e l e c t r o n s ,  as w e l l  as a d i f f e r e n t  e s t i m a t e  o f  t h e  l o w e r  l i m i t  o f  t h e  

s p e c t r u m ;  however, t h e  magnitude o f  t h e  t o t a l  energy  f l u x  o f  t h e  e l e c t r o n s ,  

17 



2 d 1 er.eJcrn s e c ,  is  p r e s e r v e d .  According t o  these s t u d i e s ,  e l e c t r o n  

f l u x e s  a r e  c o n t i n u a l l y  p r e s e n t  i n  t h e  i o n o s p h e r e ,  and t h e i r  i n t e n s i f i c a -  

t i o n  i s  c a u s e d  by i o n o s p h e r i c  p e r t u r b a t i o n s  a n d  a u r o r a s .  T h e r e  i s  r e a s o n  

t o  assume t h a t  t h e  s o u r c e  o f  t h e s e  e l e c t r o n s  i s  s i t u a t e d  i n  t h e  i o n o -  

s p h e r e  i t s e l f .  

One o f  t h e  m a n i f e s t a t i o n s  o f  c o r p u s c u l a r  e l e c t r o n  f l u x e s  is  t h e  X ra- 

d i a t i o n  r e c o r d e d  w i t h  t h e  a i d  o f  b a l l o o n s .  L e t  u s  examine i n  d e t a i l  t h e  

e x p e r i m e n t a l  d a t a  o n  t h i s  r a d i a t i o n .  

X R A D I A T I O N  I N  THE UPPER ATMOSPHERE 

The s e c o n d a r y  X r a d i a t i o n  g e n e r a t e d  by t h e  e l e c t r o n s  p e n e t r a t e s  d e e p  

i n t o  t h e  a tmosphere  down t o  modera te  a l t i t u d e s ,  s o  t h a t  i t  can  be i n v e s t i -  

g a t e d  e x t e n s i v e l y  by  s i m p l e  a n d  i n e x p e n s i v e  means, i .e .  , b a l l o o n s .  D u r i n g  

o n e  s u c h  v e r y  f o r c e f u l  a u r o r a  Winckler  a n d  P e t e r s o n  c79J r e c o r d e d  i n t e n s e  

X r a d i a t i o n  even a t  a l e v e l  c h a r a c t e r i z e d  by a t h i c k n e s s  o f  t h e  a tmosphere  

L o f  8 g/cm ( 3 2  km). The i n t e n s i t y  o f  t h e  X r a d i a t i o n  w i t h  a quantum energy  

L 
O f  50 t o  70 keV r e a c h e d  5 m i l l i r o e n t g e n s / h r ,  i . e . ,  abou t  4 x 10 quanta/cm 

sec  ( c f .  [80]). The mechanism o f  t h e  b r e m s s t r a h l u n g  which is  produced when 

t h e y  p a s s  t h r o u g h  r e l a t i v e l y  dense layers o f  t h e  a t m o s p h e r e  was d i s c u s s e d  

b y  K e l l o g g  C81], who showed t h a t  f o r N 5 0  keV e l e c t r o n s ,  o n e  quantum o f  X 

r a d i a t i o n  i s  formed,  on t h e  a v e r a g e  for 10 e l e c t r o n s ,  a n d  t h a t  t h e  e f f i -  

c i e n c y  o f  this p r o c e s s  i s  greater  f o r  e l e c t r o n s  o f  h i g h e r  energy .  For 300 

keV e l e c t r o n s  t h e  e f f i c i e n c y  i s  400 e l e c t r o n s / q u a n t u m ,  a c c o r d i n g  t o  C82J. 

Thus, o n  t h e  b a s i s  o f  t h e  magnitude o f  t h e  o b s e r v e d  f l u x  o f  X r a d i a t i o n ,  i t  

n a y  b e  e x p e c t e d  t h a t  auroras c o n t a i n  powerfu l  e l e c t r o n  f l u x e s ,  3 x 10 

p a r t i c l e s / c m  s e c ,  t h i s  a g r e e i n g  w i t h  t h e  r e s u l t s  o f  d i r e c t  r o c k e t  measure- 

m e n t s  o f  t h e s e  f l u x e s .  

4 

3 

2 

V e r y  i n t e n s e  X r a d i a t i o n  from a n  a u r o r a  p a s s i n g  a t  t h e  z e n i t h  was 



o b s e r v e d  on September 23, 1957 by Winckler  t831 by  means o f  an i o n i z a t i o n  

chamber a t t a c h e d  t o  a b a l l o o n .  Winckler  e s t i m a t e d  t h e  v a l u e  o f  t h e  e lec-  

t r o n  f l u x  c a u s i n g  t h e  o b s e r v e d  X r a d i a t i o n ,  a n d  found i t  t o  b e  8 x 10 

e lec t rons /cm2 sec ( '-lo3 ergs/cm 

e l e c t r o n s  was N l O O  kev. 

a f l u x  50 times as great was observed.  T h e s e  es t imates  a r e  somewhat h i g h ,  

due t o  c e r t a i n  s i m p l i f i c a t i o n s  made i n  t h e  c a l c u l a t i o n s ,  a n d  i n  p a r t i c u l a r  

t o  f a i l u r e  t o  take i n t o  account  t h e  s p e c t r a l  e n e r g y  d i s t r i b u t i o n  o f  t h e  

e l e c t  r o n s  . 

9 

2 s e e ) ,  assuming t h a t  t h e  e n e r g y  o f  t h e  

The same p a p e r  r e p o r t s  t h a t  on S e p t e m b e r  13, 1957, 

I n  r e c e n t  y e a r s ,  Winckler ,  Anderson, P e t e r s o n ,  Arnoldy a n d  o t h e r s  h a v e  

c o n d u c t e d  numerous i n v e s t i g a t i o n s  o f  X r a d i a t i o n  w i t h  t h e  u s e  o f  b a l l o o n s  

c82, b4-873. 

Anderson C881 and W i n c k l e r  C831. 

A c o r r e l a t i o n  of the  r e s u l t s  o f  these  s t u d i e s  was g i v e n  by 

The most i n t e n s e  fluxes o f  X r a d i a t i o n  were o b s e r v e d  d u r i n g  a u r o r a s  

[37, 43, 79, 85, 861 and  d u r i n g  v i o l e n t  magnet ic  s t o r m s  C841. S p o r a d i c  X 

r a d i a t i o n  is  o b s e r v e d  f o r  s e v e r a l  hours w i t h  c h a r a c t e r i s t i c  w i d e  a n d  r a p i d  

f l u c t u a t i o n s  i n  i n t e n s i t y .  

D u r i n g  t h e  magnet ic  s t o r m  o f  August  29, 1957, a t  a h e i g h t  w i t h  a re- 
2 

s i d u a l  a tmosphere  of 11 g/cm , Anderson C82, 843 r e c o r d e d  a quantum f l u x  

o f  X r a d i a t i o n  o f  20 quanta/crn2 s e c  s t e r a d  w i t h  e n e r g y  >/ 100 keV. Hence, 

a l l o w i n g  for t h e  a b s o r p t i o n  o u t s i d e  t h e  a tmosphere ,  t h e  flux s h o u l d  b e  AJ 

75 q u a n t d c m  s e c  s t e r a d .  From t h i s  v a l u e ,  t h e  e l e c t r o n  flux o u t s i d e  t h e  

a t m o s p h e r e  ( a t  h e i g h t s  of -100 km) was e s t i m a t e d  cb2, 8 4 ,  863 t o  be  6 x 

10 

t h e  assumed e l e c t r o n s  were " s o f t e r "  t h a n  300 keV). I t  i s  a p p a r e n t  t h a t  even 

i f  a r e l a t i v e l y  great  h a r d n e s s  o f  t h e  e l e c t r o n s  is p o s t u l a t e d  ( s e e  a b o v e ) ,  

r a t h e r  powerfu l  f l u x e s  o f  c o r p u s c u l a r  r a d i a t i o n  are o b t a i n e d  i n  t h e  u p p e r  

2 

5 2 electrons/crn2 s ec  s t e rad  ( N  0.2 ere/cm s e c  s t e r a d )  or even h i g h e r  i f  



atmosphere,  a l t h o u g h  t h e y  are l e s s  i n t e n s e  t h a n  d u r i n g  f o r c e f u l  a u r o r a s ,  

I n  c82, 841 i t  i s  emphasized t h a t ,  as i n  t h e  case o f  a u r o r a s ,  t h e  f l u x e s  

change r a p i d l y  a n d  a r e  s h a r p l y  bounded i n  s p a c e ,  

I t  is i m p o r t a n t  t o  n o t e  t h a t  t h i s  r a d i a t i o n  w a s  f r e a u e n t l y  r e l a t e d  

n e i t h e r  t o  geomagnet ic  nor t o  so la r  phenomena. AndeisoE C881 ~ o t e s ,  that 

t h e  i n t e n s i t y  o f  X r a d i a t i o n  u s u a l l y  d e c r e a s e s  a f t e r  s u n s e t ,  a l t h o u g h  t h i s  

i s  a r u l e  r a t h e r  t h a n  a l a w .  

m a g n e t i c  p o l e  no X r a d i a t i o n  c o u l d  e v e r  b e  d e t e c t e d ,  e v e n  d u r i n g  m a g n e t i c  

d i s t u r b a n c e s .  

I t  is p o i n t e d  o u t  t h a t  i n  t h e  v i c i n i t y  o f  t h e  

L e t  u s  e x m i n e  i n  greater d e t a i l  t h e  r e s u l t s  o f  o b s e r v a t i o n s  o f  X ra- 

d i a t i o n  i n  t h e  absence  of a u r o r a s  and magnet ic  s t o r m s .  

D u r i n g  * 'qu ie t "  p e r i o d s  i n  t h e  p o l a r  r e g i o n ,  X r a d i a t i o n  was observed 

d u r i n g  30% o f  t h e  t o t a l  f l i g h t  t i m e  of t h e  b a l l o o n s  c87, 881, b u t  t h e  radia- 

t i o n  i n t e n s i t y  w a s  10 t o  100 times l e s s  t h a n  d u r i n g  t h e  a u r o r a s .  T h i s  r a d i a -  

t i o n  was r e c o r d e d  w i t h  G e i g e r  c o u n t e r s ,  i o n i z a t i o n  chambers a n d  s c i n t i l l a t i o n  

c o u n t e r s ,  a n d  t h e  r e s u l t s  o f  t h e s e  e x p e r i m e n t s  s e r v e d  t o  c o n s t r u c t  a d i f f e r -  

e n t i a l  s p e c t r u m  o f  photons  which is o b v i o u s l y  a r e f l e c t i o n  o f  t h e  e n e r g y  

s p e c t r u m  o f  t h e  e l e c t r o n s  which g e n e r a t e  t h i s  r a d i a t i o n  somewhere a t  h e i g h t s  

o f  -100 km, 

10 t o  100 quanta/cm see. 

The p h o t o n  r a d i a t i o n  f l u x  w i t h  a n  e n e r g y  > 45 keV amounts t o  

2 

I n  o r d e r  t o  p e r f o r m  a r e l i a b l e  c a l c u l a t i o n  o f  t h e  f l u x  of e l e c t r o n s  on 

t h e  b a s i s  o f  t h e  o b s e r v e d  X r a d i a t i o n  g e n e r a t e d  by t h e s e  e l e c t r o n s ,  i t  is  

n e c e s s a r y  t o  h o w  t h e  spec t rum o f  t h i s  r a d i a t i o n ,  Anderson c87, 881 r e p o r t s  

on a s e r i e s  o f  measurements o f  t h e  spec t rum by  means o f  s c i n t i l l a t i o n  

c o u n t e r s  i n  t h e  p o l a r  r e g i o n  d u r i n g  " q u i e t "  p e r i o d s .  

c a r r i e d  o u t  i n  t h r e e  p o r t i o n s  o f  t h e  spectrum: 

340 kev. A f t e r  t h e  e f f e c t  of a b s o r p t i o n  i n  t h e  a tmosphere  i s  t a k e n  i n t o  

The measurements were 

45--95, 95-170 and 170-- 

io 



a c c o u n t ,  t h e  three c h a r a c t e r i s t i c  s p e c t r a  g iven  i n  C87, 881 are  a d e q u a t e l y  

apFroximated by t h e  e x p r e s s i o n  d n ( E )  = kE-' dE, where y = 2.3 +2 .8  ( see  

f i g u r e ) .  

The X r a d i a t i o n  spec t rum o u t s i d e  t h e  a u r o r a l  zone  i n  t h e  r e g i o n  of 

energies  between 2 0  and  1,000 keil a t  h e i g h t s  o f  2 3  t o  114 km was a l s o  m e a s -  

u r e d  by Rupperian a n d  Friedman i n  1954--1957 C891 by means of  s c i n t i l l a -  

t i o n  c o u n t e r s  a b o a r d  rockets. It  was found t h a t  t h e  a s c e n t  was a s s o c i a t e d  

w i t h  a g r a d u a l  r i s e  i n  t n e  i n t e n s i t y  of t he  s o f t  q u a n t a  a n d  a weakening of 

t h e  h a r d  o n e s ,  s o  t h a t  t h e  t o t a l  number o f  q u a n t a  remained a p p r o x i m a t e l y  

t h e  same. The d a t a  from t h e s e  thorough measurements o f  t h e  spec t rum a t  

n e i g h t s  of 42--57, 66--75 and  110-114 km, which g i v e  concordant  r e s u l t s  i n  

t h e  5O--;SOO keU energy  r e g i o n ,  a r e  shown i n  t h e  f i g u r e .  The v a l u e s  of the 

f luxes  o n  t h e  g r a p h  h a v e  been m u l t i p l i e d  by 10 so t h a t  t h e y  c o u l d  b e  com- 

p a r e d  w i t h  t h e  d a t a  of C88-J. For e n e r g i e s  o f  100--300 keV, t h e s e  r e s u l t s  

a g r e e  w i t h  t h e  data o f  Anderson ' s  measurements [87, 883, b u t  t hey  d i v e r g e  

c o n s i d e r a b l y  i n  t h e  r e g i o n  where E < 50 keV. 

which were o b t a i n e d  i n  t h e  p o l a r  r e g i o n  d u r i n g  a n  i n t e n s i f i c a t i o n  o f  X 

r a d i a t i o n ,  r e f l e c t  t h e  s p e c i f i c  n a t u r e  o f  t h i s  phenomenon, d u r i n g  which 

t h e r e  may o c c u r  a n  a d d i t i o n a l  i n c r e a s e  i n  t h e  i n t e n s i t y  o f  t h e  s o f t e r  ra- 

d i a t i o n ,  It s h o u l d  b e  n o t e d  t h a t  even i n  t h e  r e g i o n  of  lOO--3OO keV t h e  

da t a  of [881 are o n e  o r d e r  of magnitude g r e a t e r  t h a n  t h o s e  o f  [891. 

P o s s i b l y  t h e  da t a  of  C883, 

Thus, t h e  e x p e r i m e n t s  enumerated above  show t h a t  i n  t h e  u p p e r  atmos- 

p h e r e  t h e r e  i s  c o n s t a n t l y  p r e s e n t  an a p p r e c i a b l e  X r a d i a t i o n  whose i n t e n s i t y  

rises c o n s i d e r a b l y  i n  t h e  r e g i o n  o f  small  e n e r g i e s ,  w10--20 keV. T h e s e  

f l u x e s  a re  s u b s t a n t i a l l y  i n t e n s i f i e d  d u r i n g  a u r o r a s  and  geornagne t i c  storms. 

By comparing t h e s e  data w i t h  t h e  r e s u l t s  o f  r o c k e t  o b s e r v a t i o n s  o f  e l e c t r o n  

f l u x e s  a t  h e i g h t s  7 100 km, one  can r e a d i l y  c o n c l u d e  t h a t  i n  t h e  upper  
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a tmosphere  t h e r e  i s  permanent ly  p r e s e n t  a r a t h e r  powerfu l  e l e c t r o n  f l u x  

which m a n i f e s t s  i t s e l f  p a r t i c u l a r l y  i n  t h e  b r e m s s t r a h l u n g  o f  e l e c t r o n s ,  

g e n e r a t e d  when t h e  l a t t e r  p e n e t r a t e  i n t o  t h e  r e l a t i v e l y  dense l a y e r s  o f  

t h e  a tmosphere  a t  a h e i g h t  o f  - 100 km. 

o f  t h i s  flux is t h e  h i g h  r a t e  o f  d i s s i p a t i o n  o f  i t s  ene rgy ,  due t o  t h e  ab- 

s o r p t i o n  o f  t h e  e l e c t r o n s  i n  t h e  a tmosphere ,  and  t n i s  f l u x  r e q u i r e s  power- 

f u l  s o u r c e s  t o  be main ta ined .  I t  would b e  d e s i r a b l e  a l s o  t o  i n v e s t i g a t e  

o t h e r  phenomena a s s o c i a t e d  w i t h  t h e s e  f l u x e s .  

A v e r y  i m p o r t a n t  c h a r a c t e r i s t i c  

INTENSITY OF CORPUSCULAR F'LUXFS 

The f irst  data on t h e  c o r p u s c u l a r  r a d i a t i o n  i n  t h e  l o w e r  p o r t i o n s  of 

t h e  r a d i a t i o n  be l t s  were o b t a i n e d  w i t h  Geiger c o u n t e r s  d e s i g n e d  t o  measure 

cosmic r a y s  and t h e r e f o r e  i n s e n s i t i v e  t o  t h e  c o m p a r a t i v e l y  s o f t  r a d i a t i o n  

which, as w a s  shown l a t e r ,  comprised most of  t h e  c o r p u s c u l a r  r a d i a t i o n .  

For t h i s  r e a s o n ,  t h e  f i r s t  e s t i m a t e s  y i e l d e d  v e r y  low v a l u e s  o f  t h e  i n t e n -  

s i t y  a n d  h i g h  v a l u e s  of t h e  e f f e c t i v e  p a r t i c l e  e n e r g y ,  a n d  a t  h i g h  a l t i -  

t u d e s  t h e  i n s t r u m e n t s  were o f f  s c a l e  most o f  t h e  t ime,  b o t h  i n  t h e  f i rs t  

American and  i n  t h e  first S o v i e t  s a t e l l i t e s .  

I t  w a s  ment ioned above t h a t  t h e  e a r l y  estimates o f  t h e  f l u x  i n t e n s i -  

t i e s  o f  e l e c t r o n s  i n  t h e  r a d i a t i o n  b e l t s  were high.  A c c o r d i n g  t o  t h e  d a t a  

o f  p. 12 ,  a f l u x  o f  e l e c t r o n s  w i t h  a n  e n e r g y  E 40 keV m o u n t s  t o - 1 0  

z ergs/cm sec. The e n e r g y  d i s s i p a t i o n  o f  t h i s  f l u x  is  o n l y  a minor  f r a c t i o n .  

O b v i o u s l y ,  t h e  power of  t h i s  flux is n o t  s u f f i c i e n t  t o  c a u s e  b o t h  t h e  f o r c e -  

f u l  a u r o r a s  i n  which e l e c t r o n  f l u x e s  h a v i n g  a power o f  h u n d r e d s  o f  ergs/cm 

sec  a r e  o b s e r v e d  and weaker a u r o r a s ,  s i n c e  t h e  t n e r g y  o f  e l e c t r o n  f l u x e s  

2 

L o f  1--10 ergs/cm s e c  is d i s s i p a t e d  i n  t h e s e  a u r o r a s .  Thus,  a c c o r d i n g  t o  

t h e  o b s e r v a t i o n s  o f  O'Brien e t  a1 C56, 571, a t  h e i g h t s  o f  N l , O O C ,  k m  i n  t h e  
2 

auroral zone,  t h e  f l u x e s  of e l e c t r o n s  w i t h  E > 1  keV r e a c h  10--100 ergs/cm 
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s e c ,  and a s u b s t a n t i a l  p e r c e n t a g e  of t h e  e l e c t r o n s  e s c a p e s  i n t o  t h e  atrr.os- 

p h e r e ,  p r o d u c i n g  i o n i z a t i o n  a n d  e x c i t a t i o n  o f  p a r t i c l e s  o f  t h e  a tmosphere  

a t  a l t i t u d e s  o f  100 t o  ZOO km. However, t h e s e  o r d i n a r y  f l u x e s  a r e  n o t  a b l e  

t o  cause  o r d i n a r y  a u r o r a s ,  s i n c e  f o r  a f a c t o r  o f  -0.2% f o r  t h e  c o n v e r s i o n  

o f  t h e  energy  o f  t h e  e l e c t r o n  f l u x  i n t o  r a d i a t i o n  ( s e e  p. 10) t ney  w i l l  pro-  
- 
i duce a glow o f  o n l y  0.02--0.002 erg/cm s e c .  However, as a l r e a d y  i n d i c a t e d ,  

t h e s e  f l u x e s  c a n  c r e a t e  a d i f f u s e  a u r o r a  which can  be o b s e r v e d  a g a i n s t  t he  

background o f  t h e  n ightg low.  

On t h e  o t h e r  hand,  i n v e s t i g a t i o n s  of e l e m e n t a r y  p r o c e s s e s  i n  t h e  ion- 

o s p h e r e  i77, 78J have  i n d e p e n d e n t l y  l e d  t o  t h e  n e c e s s i t y  o f  assuming tha t  

L e l e c t r o n  f l u x e s  o f  1--10 ergs/cm s e c  ex is t  i n  t h e  upper  a tmosphere .  Accord- 

i n g  t o  r e c e n t  data  on t h e  i o n o s p h e r e  [ g o ,  913, t h e  e l e c t r o n  f l u x e s  c a r r y  

L 0.1--1 erg/cm sec. 

Summing up t h e  r e s u l t s  o f  o u r  d i s c u s s i o n  o f  t h e  v a r i o u s  e x p e r i m e n t a l  

data on e l e c t r o n  f l u x e s  i n  t h e  i o n o s p h e r e  and  a u r o r a s  a t  a l t i t u d e s  o f  loo-- 

1,000 km, w e  s h a l l  emphasize c e r t a i n  p a r t i c u l a r  c h a r a c t e r i s t i c s  o f  t h e s e  

f l u x e s .  

A R E  TRAPPED PARTICLES T H E  SOURCE O F  AURORAS? 

Exper iments  have  shown t h a t  t h e  magnet ic  l i n e s  o f  f o r c e  p r o j e c t  from 

t h e  o u t e r  r a d i a t i o n  b e l t  i n t o  l a t i t u d e s  l o c a t e d  below t h e  a u r o r a l  zone ,  

w h i l e  t h e  i n t e n s i t y  maximum of  t h e  c o r p u s c u l a r  f l u x e s  a t  h e i g h t s  o f  100 

k m  c o i n c i d e s  w i t h  t h e  a u r o r a l  zone. I n v e s t i g a t i o n s  w i t h  r o c k e t s  and  satel-  

l i t e s  have e s t a b l i s h e d  t n a t  d u r i n g  q u i e t  p e r i o d s  i n  t h e  r e g i o n  o f  t h e  i o n -  

o s p h e r e  t h e r e  a r e  o b s e r v e d  c o r p u s c u l a r  f l u x e s  comparable  i n  i n  t e n s i t y  t o  

t h e  e l e c t r o n  f l u x e s  i n  t h e  r a d i a t i o n  b e l t s .  To s a y  n o t h i n g  o f  t h e  more 

p o w e r f u l  e l e c t r o n  f l u x e s  which cause a u r o r a s ,  i t  is p o s s i b l e  t o  s t a t e  t h a t  

t h e  energy  p o s s e s s e d  by t h e  r a d i a t i o n  b e l t s  is n o t  s u f f i c i e n t  t o  produce  



. 
even t h e s e  o r d i n a r y  e l e c t r o n  f l u x e s  i n  t h e  i o n o s p h e r e ,  s i n c e  t h e  e l e c t r o n  

f l u x e s  in t h e  r a d i a t i o n  b e l t s  are  c o m p a r a t i v e l y  s t a b l e ,  or a t  l e a s t ,  change  

s l o w l y ,  have l o n g  l i f e t i m e s ,  and d i s s i p a t e  l i t t l e  energy.  I n  a d d i t i o n ,  t h e  

a v a i l a b l e  data i n d i c a t e  t h a t  t h e  energy s p e c t r u m  o f  e l e c t r o n s  i s  s o f t e r  and  

s teeper  t h a n  i n  t h e  r a d i a t i o n  b e l t s ,  s o  t h a t  t hese  e l e c t r o n s  are a b s o r b e d  

a t  a l t i t u d e s  o f  2OO--3OO km ( i o n o s p h e r e )  and -100 k m  ( a u r o r a s ) ,  whereas  

t h e  p a r t i c l e s  from t h e  r a d i a t i o n  b e l t s  which are  ab le  t o  p e n e t r a t e  t h e  D 

l a y e r  s h o u l d  p r o d u c e  i o n i z a t i o n  i n  t h e  l a t t e r  a n d  ( i n  consequence)  absorp-  

t i o n  o f  r a d i o  waves. It s h o u l d  b e  n o t e d  t h a t  t h e  p a r t i c l e  f l u x e s  which 

c a u s e  a u r o r a s  c a r r y  s u c h  h i g h  energy  t h a t  t h e  d i p o l a r  c h a r a c t e r  o f  t h e  

E a r t h ' s  m a g n e t i c  f i e l d  h a s  no  e f f e c t  upon them. I n  t h i s  c o n n e c t i o n ,  t h e  

f a c t  o b s e r v e d  d u r i n g  IGY t h a t  t he  geomagnet ic  l o n g i t u d e s  and p e r i o d s  of  

a u r o r a l  plow c o i n c i d e  i n  b o t h  hemispheres ,  r e q u i r e s  a s p e c i a l  e x p l a n a t i o n .  

L a t e l y ,  however,  t h i s  c o i n c i d e n c e  i t s e l f  h a s  become a s u b j e c t  o f  c o n t r o v e r s y .  

Other  arguments  cou ld  have  been advanced a g a i n s t  t h e  mechanism o f  t h e  

f o r m a t i o n  o f  e l e c t r o n  f l u x e s  which e x c i t e  a u r o r a s  from t h e  p a r t i c l e s  o f  t h e  

r a d i a t i o n  b e l t s .  I t  is a p p o s i t e  o n l y  t o  a d d  t h a t  t h e  mechanisms d i s c u s s e d  

i n  t h e  l i t e r a t u r e  which govern  t h e  e s c a p e  o f  p a r t i c l e s  from t h e  r a d i a t i o n  

b e l t s  cannot  a s s u r e  f o r m a t i o n  o f  t h e  n e c e s s a r y  p o w e r f u l  e l e c t r o n  f l u x e s .  

On t h e  o t h e r  hand, i t  i s  obvious t h a t  i f  t h e  r a d i a t i o n  b e l t s  a r e  formed 

from cosmic r a y s  which c a r r y  a n  energy O f  o n l y  10-3--10 ergs/cm s e e ,  

2 
t h e y  a r e  n o t  a b l e  t o  m a i n t a i n  e l e c t r o n  f l u x e s  which g i v e  up e l  erg/cm sec 

t o  t h e  i o n o s p h e r e .  T h e r e  is no doubt t h a t  e l e c t r o n  a c c e l e r a t i o n  mechanisms 

o p e r a t e  i n  t h e  uppermost p a r t s  o f  t h e  a tmosphere  which p o s s i b l y  draw e n e r g y  

from t h e  energy  o f  t h e  geomagnet ic  f i e l d .  Moreover, i t  i s  n o t  i m p o s s i b l e  

t h a t  t h e  r a d i a t i o n  b e l t s  o f  t h e  E a r t h ,  which m a n i f e s t  a r e l a t i o n s h i p  w i t h  

t h e  e l e c t r o n  f l u x e s  i n  t h e  a tmosphere ,  are  a l s o  formed t o  a c e r t a i n  e x t e n t  
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as a r e s u l t  o f  t h e  same mechanisms. However, t h i s  problem r e q u i r e s  f u r -  

t h e r  i n v e s t i g a t i o n s .  

MECHANISMS OF THE DUMPING OF PARTICLES 
FROM RADIATION BZLTS 

Perhaps one  o f  t h e  most  i m p o r t a n t  problems which s h o u l d  be answered  by 

t h e  t h e o r y  e x p l a i n i n g  t h e  a u r o r a s  by t h e  a c t i o n  o f  p a r t i c l e s  from t h e  radia- 

t i o n  b e l t s  i s  t h e  problem o f  how t h e s e  p a r t i c l e s  e s c a p e  i n t o  t h e  a tmosphere .  

As was n o t e d  above,  f a v o r a b l e  c o n d i t i o n s  f o r  t h e  e s c a p e  o f  p a r t i c l e s  are ap- 

p a r e n t l y  c r e a t e d  d u r i n g  geomagnet ic  p e r t u r b a t i o n s .  O t h e r  uiechanisms for t h e  

e s c a p e  o f  p a r t i c l e s  h a v e  a l s o  been proposed. Rhodes C181, S i n g e r  [71, I n o u e  

e t  a1 [92] determined  t h e  r a t e  o f  t h e  e s c a p e  c a u s e d  by c o l l i s i o n s  o f  t h e  par- 

t i c l e s  o f  t h e  b e l t s  w i t h  t h e  p a r t i c l e s  o f  t h e  atmosphere.  A p a r t i c l e  from 

t h e  r a d i a t i o n  b e l t  i s  most  l i k e l y  t o  c o l l i d e  i n  t h e  v i c i n i t y  o f  t h e  p i v o t a l  

p o i n t s ,  where a l m o s t  e v e r y  c o l l i s i o n  l e a d s  t o  an i n c r e a s e  i n  t h e  a n g l e  be- 

tween t h e  v e l o c i t y  v e c t o r  and t h e  magnet ic  l i n e  of f o r c e ,  a n d  hence,  a c c e l -  

e ra tes  t h e  loss o f  t h e  p a r t i c l e  by a b s o r p t i o n  i n  t h e  a tmosphere .  However, 

t h i s  mechanism i s  found t o  b e  q u i t e  s low.  V. D. P l e t n e v  [93, 941 c o n s i d e r -  

e d  t h e  e s c a p e  o f  p a r t i c l e s  a s  b e i n g  due t o  s h o r t - p e r i o d  v a r i a t i o n s  of t h e  

geomagnet ic  f i e l d ,  Regions  o f  low f l u x  i n t e n s i t y  o f  t h e  t r a p p e d  p a r t i c l e s  

are  t h e n  formed a t  c e r t a i n  d i s t a n c e s  from t h e  E a r t h ;  t h e s e  d i s t a n c e s  cor- 

r e s p o n d  t o  t h e  o b s e r v a t i o n a l  d a t a .  

o f  e l e c t r o n  dumping u n d e r  t h e  i n f l u e n c e  e l e c t r o s t a t i c  f i e l d s  forming  i n  t h e  

u p p e r  a tmosphere  i n  t h e  c o u r s e  of m a g n e t i c  s t o r m s ,  The i n c r e a s e  o f  i o n i z a -  

t i o n  i n  t h e  F r e g i o n ,  t h e  a p p e a r a n c e  o f  Es, t h e  i n c r e a s e  o f  ffis and t h e  i n -  

crease i n  t h e  a b s o r p t i o n  of cosmic r a d i o - f r e q u e n c y  r a d i a t i o n  i n  t h e  D r e g i o n  

o f  t h e  i o n o s p h e r e  was a t t r i b u t e d  by p l a t s u s h i t a  t o  t h e  p e n e t r a t i o n  O f  e l e c -  

t r o n s  from t h e  r a d i a t i o n  zones i n t o  t h e  atmosphere C 9 6 ~ .  Kern and  v e s t i n e  

c973 c o n s i d e r e 6  the  cscspe nf p a r t i c l e s  from t h e  b e l t s  t o  b e  due t o  t h e  

M a t s u s h i t a  [%] a n a l y z e d  t h e  mechanism 



format ion  o f  i n s t a b i l i t y  i n  t h e  e l e c t r o n  b e l t s  as a r e s u l t  o f  a c e r t a i n  

d rop  of t h e  p i v o t a l  p o i n t s  o f  t h e  t rapl jed p a r t i c l e s ,  b u t  t h e  c a u s e  o f  t h i s  

d r o p  r e m a i n s  u n c l e a r .  We h a v e  s e e n  t h a t  t h e  mechanisms c o n s i d e r e d  cannot  

e x p l a i n  t h e  f o r m a t i o n  o f  p o w e r f u l ,  l o c a l ,  r e p i d l y  c h a n g i n g  f l u x e s  o f  s o f t  

e l  e c  t r o n s  . 
The r e s u l t s  o f  i n v e s t i g a t i o n s  o f  r a d i a t i o n  b e l t s  a n d  a u r o r a l  p a r t i c l e s  

examined i n  t h i s  s u r v e y  show t h a t  t h e  r a d i a t i o n  b e l t s  o b v i o u s l y  canno t  be 

t h e  s o u r c e  o f  a u r o r a s .  &e  a re  a g a i n  f a c e d  w i t h  t h e  problem o f  t h e  s o u r c e  

o f  a u r o r a s .  I t  is p o s s i b l e  t h a t  t h e  f l u x e s  o f  s o f t  e l e c t r o n s ,  which l o s e  

t h e i r  e n e r g y  r a p i d l y  a n d  e x c i t e  auroras a n d  t h e  i o n o s p h e r e  , form i n  t h e  up- 

p e r  a tmosphere  i t s e l f  a t  c o m p a r a t i v e l y  low a l t i t u d e s .  I t  may be c77, 781 

t h a t  t h e  a c c e l e r a t i o n  o f  e l e c t r o n s  i s  due  t o  geomagnet ic  v a r i a t i o n s  a t  t h e  

e x p e n s e  o f  t h e  e n e r g y  o f  t h e  E a r t h ' s  magnet ic  f i e l d .  'dowever, i t  i s  obvious  

t h a t  a t  t h e  p r e s e n t  t i m e  t h e r e  i s  as y e t  no c o n c r e t e  mechanism t o  account  

f o r  t h e  a c c e l e r a t i o n  o f  t h e s e  e l e c t r o n s ,  and t h e  data on t h e  i n t e n s i t y  o f  

s o f t  e l e c t r o n s  and on t h e  s o f t  edge o f  t h e  s p e c t r m  r e q u i r e  a d d i t i o n a l  ex- 

Fe rimen t a1 r e f i n e m e n t s .  

ABSTRACT 

A rev iew of s t u d i e s  of e l e c t r o n  f l u x e s ,  p e n e t r a t i n g  s u f f i c i e n t l y  deep 
t o  t h e  E a r t h ' s  a tmosphere  is g iven .  Ihe  p a p e r  d e s c r i b e s  e x p e r i m e n t a l  d a t a  
on t h e  i n t e n s i t y  a n d  energy  spec t rum o f  p a r t i c l e s  p r o p a g a t i n g  t h r o u g h  t h e  
i o n o s p h e r e  and t h e  a u r o r a e .  P o s e r f u l  e l e c t r o n  f l u x e s  o b s e r v e d  i n  t h e  at- 
mosphere a t  t h e  h e i g h t s  o f  100--1,000 km c a r r i e d  t h e  i n f l o w  o f  e n e r g y  of  
0.1-1 erg/cm2 s e c  t o  t h e  i o n o s p h e r e ,  which n e c e s s a r y  t o  m a i n t a i n  t h e  n i g h t  
i o n i z a t i o n  a n d  a tmosphere  warming. A number o f  i n d i r e c t  d a t a  shows t h a t  
t h e  s o u r c e  o f  t h e s e  e l e c t r o n s  is i n  t h e  i o n o s p h e r e  a n d  n o t  i n  t h e  r a d i a t i o n  
b e l t s .  The l a t t e r  t h e m s e l v e s  a r e  e v i d e n t l y  t h e  r e s u l t  o f  t h e  e f f e c t  o f  
t h e s e  a c c e l e r a t i o n  mechanisms, i n  which some p a r t  o f  p a r t i c l e s  may ge t  t o  
t h e  t r a p p i n g  t r a j e c t o r y .  The c o n c r e t e  mechanism o f  p a r t i c l e s  a c c e l e r a t i o n  
and t h e i r  s o u r c e  i s  n o t  c l e a r e d  up y e t .  # L 4 u ( z p w  
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